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THE  THERMAL  DEATH  POINTS  OF  PATHO- 
GENIC MICRO-ORGANISMS  IN  MILK." 


By  Milton  J.  Rosen  ait, 

Surgeon  and  Director  Hygienic  Laboratory,    U.  S.  Public  Health  ami  Marine- Hospital 

Service. 


INTRODUCTION. 

The  temperature  at  which  milk  should  l)e  pasteurized  hinges  on  the 
thermal  death  points  of  the  pathogenic  micro-organisms  wliich  con- 
taminate it.  The  pathogenic  micro-organisms  most  frequently  found 
in  market  milk  are  those  causing  tuberculosis,  typhoid  fever,  diph- 
theria, scarlet  fever,  dysentery,  and  Malta  fever.  Fortunatel}"  none 
of  the  organisms  causing  the  above-mentioned  diseases  has  resisting 
spores.  Moderate  degrees  of  heat  are,  therefore,  sLifhcient  to  render 
milk  safe  so  far  as  these  dangers  are  concerned.  The  streptococci, 
staphylococci,  and  most  of  the  bacteria  associated  with  infantile 
diarrhea  are  also  readily  destroyed  by  heat. 

Although  it  would  appear  to  be  a  comparatively  simple  matter  to 
determine  precisely  the  temperature  at  which  micro-organisms  die, 
such  work  is  in  fact  surrounded  by  many  difhculties  and  pitfalls; 
different  investigators  have  come  to  \\'idely  different  results.  Some 
of  these  discrepancies  are  only  apparent  and  may  be  explained  by  the 
relation  of  time  to  temperature.  The  longer  the  time  of  exposure,  the 
lower  the  temperature  necessary  to  kill  any  organism.  Differences 
in  methods  are  also  responsible  for  differences  in  results.  Thus  some 
workers  start  wath  the  fluid  containing  the  micro-organisms  to  be 
tested  at  room  temperature  and  raise  it  to  the  desired  temperature; 
others  introduce  the  bacteria  after  the  fluid  has  been  heated. 

Care  must  be  taken  in  thermal  death-point  work  to  see  that  the 
entire  volume  of  the  water  bath,  as  well  as  the  fluitl  medium  tested,  has 
approximately  the  same  temperature  throughout.  Unless  attention 
to  this  point  is  given,  a  difference  of  5°  to  10°  C.  between  the  top 
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and  bottom  layers  of  the  fluid  may  be  found  and  misleading  results 
obtained.  Again,  unless  a  reasonably  accurate  thermometer  is  used 
further  inaccuracies  may  result,  for  ordinary  thermometers  not 
infrequent!}^  have  errors  of  several  degrees. 

.  Among  bacteria  some  strains  or  races  are  more  resistant  to  heat 
than  others.  These  differences,  which  correspond  to  similar  known 
variations  in  all  animal  and  vegetable  species,  must  be  taken  into 
account. 

The  individual  micro-organisms  in  any  particular  culture  vary  so 
far  as  their  resistance  to  heat  is  concerned.  Not  all  the  bacteria  are 
killed  at  once.  Thus  it  will  be  seen  from  the  tables  that  the  vast  bulk 
of  the  bacteria  succumb  at  a  certain  temperature,  while  a  few  hardy 
individuals  resist  several  degrees  higher  heat  or  several  minutes  longer 
exposure.  It  is  evident  that  when  we  reach  the  point  where  only  a 
few  organisms  remain  alive  in  the  fluid,  the  results  ma}'  be  irregular 
or  vary,  depending  upon  the  amount  of  fluid  transplantetl  into  the 
culture  medium. 

The  physical  and  chemical  composition  of  the  fluid  in  wliich  the 
tests  are  made  also  exerts  a  decided  influence.  Some  bacteria  are 
sensitive  to  acid,  others  to  alkali.  If  the  tests  are  made  in  pure 
water,  we  have  to  deal  ^v^th  dift'erences  in  osmotic  pressure  (plas- 
molysis).  If  the  tests  are  made  in  an  albuminous,  %'iscid,  or 
fatty  medium,  protecting  envelopes  may  form  and  act  as  insulating 
coverings. 

Evaporation  takes  place  so  rapidly  from  exposed  fluids  that  the 
surface  layer  may  remain  cooler  than  the  bod}^  of  the  liquitl.  This  is 
especially  a  matter  of  concern  with  milk,  which  sometimes  forms  a 
scum  above  60°  C,  owing  to  rapid  evaporation  of  the  surface  layer. 
This  scum  consists  of  coagulated  albumins  in  which  is  enmeshetl 
much  fat.  The  bacteria  entangled  in  this  surface  pellicle  may  escape 
the  heat  indicated  by  the  thermometer  in  the  deeper  layers. 

A  matter  of  ver}'  great  importance  is  the  suitability  of  the  medium 
into  which  the  bacteria  are  planted,  as  well  as  the  temperature  and  the 
other  conditions  of  incubation,  etc.  The  optimum  conditions  may 
only  be  realized  by  a  special  study  of  each  micro-organism  tested. 
Controls  must  always  show  prompt  and  vigorous  growth. 

The  concentration  of  the  suspension  and  other  dift'erences  in  the 
conditions  of  the  experiment  account  for  some  of  the  variations  in  the 
results  recorded  by  different  observers.  If  a  test  tube  is  used,  care 
nnist  be  taken  that  the  glass  be  thin  and  that  the  test  fluid  be  well 
below  the  surface  of  the  heated  water.  It  is  especially  important  to 
prevent  soiling  of  the  walls  of  the  test  tube  above  the  fluid.  This 
may  give  false  results,  for  the  reason  that  the  pipette  or  instrmnent 
used  to  withdraw  the  milk  or  whatever  fluid  is  used  may  come  into 
contact  with  the  upper  portion  of  the  test  tube  and  thereby  pick  up 
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bacteria  which  may  have  escaped  the  heat,  or  the  fluid  upon  the  side 
of  the  test  tube  may  afterwards  flow  back. 

As  a  rule,  bacteria  are  attenuated  and  lose  their  power  to  infect 
before  they  lose  their  ability  to  vegetate  upon  artifical  culture  media. 
It  is,  therefore,  safe  to  assume  that  a  micro-organism  that  will  not 
grow  in  artificial  media  under  favorable  conditions  is  "dead."  The 
tubercle  bacillus  is  an  exception  to  this  rule,  for  reasons  given  fur- 
ther on. 

METHODS. 

The  methods  used  in  the  tests  recorded  below  were  planned  to 
imitate  the  actual  conditions  of  pasteurization,  so  far  as  practi- 
cable, in  laboratory  experiments. 

Except  in  the  case  of  the  tubercle  bacillus,  all  the  organisms  were 
first  planted  in  sterilized  milk  and  not  subjected  to  the  tests  until 
an  abundant  growth  was  obtained.  In  order  to  obtain  pure  cul- 
tures it  was  first  necessary  to  sterilize  the  milk,  which  was  done  by 
the  fractional  method.  It  is  believed  that  this  does  not  appreci- 
ably influence  the  results  obtained.  By  growing  the  micro-organ- 
isms in  milk  we  perhaps  imitate  the  natural  conditions  more  clo.sely 
than  by  using  suspensions  prepared  for  the  purpose. 

All  the  tests  were  made  by  placing  the  test  tube  containing  the  cool 
infected  milk  into  the  water  bath  at  the  desired  temperature,  usually 
60°  C.  The  time  required  for  the  milk  to  reach  the  temperature 
stated  is  always  given. 

The  illustration  shows  how  the  apparatus  was  arranged  for  all  the 

tests.     The  temperature  was  controlled  within  a  fraction  of  a  degree; 

it  never  varied  more  than  half  a  degree,  and,  as  a  rule,  was  kept 

within  one  or  two  tenths  of  a  degree.     The  test  tubes  containing 

about  10  to  15  c.  c.  of  milk  were  immersed  so  that  the  level  of  the 

milk  in  the  tube  was  well  below  the  level  of  the  water. 

N 
The  reaction  of  the  milk  was  determined  by  titration  with  zj:  NaOH 

solution,  using  phenolphthalein  as  indicator,  and  the  results  are 
expressed  in  terms  of  lactic  acid.  The  reaction  of  the  milk  was 
always  taken  at  the  time  of  testing  the  thermal  death  points.'^ 

Enrichment  methods  were  used  only  in  the  case  of  cholera,  but 
did  not  materially  alter  the  results  of  the  simpler  methods. 

The  tests  were  made  with  both  whole  and  skimmed  milk.  As  a 
rule,  the  milk  was  first  partly  skimmed  in  accordance  with  the  usual 

•^  I  am  indebted  to  Dr.  Joseph  H.  Kastle,  Chief  of  the  Division  of  Chemistry,  for 
making  these  tests,  as  well  as  for  determining  the  chemical  composition  of  the  milks 
used  in  the  work  on  B.  (uberntlosis.  I  am  also  indebted  to  my  colleagues  in  the 
Division  of  Pathology  and  Bacteriology,  especially  Doctors  McCoy,  Stinison,  Miller, 
King  and  Anderson,  for  assistance  with  the  tests  thorugliout  tliis  work.  Further  I 
desire  to  express  my  special  (il)ligatii)ns  to  Doctor  Stimson  for  a.'isistance  in  collecting 
the  literature  up<iu  the  thcrniul  death  point  of  the  turbercle  l)acillus. 
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bacteriologic  technic  in  preparino;  this  culture  fluid.     Whether  whole 
milk  or  skimmed  milk  was  used  is  stated  in  each  instance. 

The  test  tubes  in  which  the  infected  milk  was  heated  were  open 
to  the  air,  and  scum  formation  was  disregarded  in  all  instances,  my 
object  being  to  determine  the  thermal  death  point  against  natural 
difficulties,  so  that  the  results  might  be  applied  with  confidence  to 
practical  pasteurization. 

BACILLUS  TUBERCULOSIS. 

Certain  special  difficulties  are  met  with  in  determining  the  thermal 
death  point  of  the  tubercle  bacillus.  This  organism  does  not  grow 
readily  upon  artificial  media.  The  few  experiments  made  to  deter- 
mine its  thermal  death  point  by  cultural  methods  have  no  signifi- 
cance, because  its  vegetability  upon  artificial  media  does  not  corre- 
spond to  its  power  of  growing  in  the  animal  organism.  It  is  therefore 
necessary  to  inoculate  animals  in  order  to  determine  whether  or  not 
the  tubercle  bacillus  is  alive  and  virulent.  Here  again  we  meet  with 
compjications.  Dead  tubercle  bacilli  have  a  certain  amount  of 
pathogenic  power  and  produce  lesions,  including  tubercle  formation, 
abcesses,  and  coagulation  necrosis.  However,  while  we  lack  a  cri- 
terion to  determine  with  precision  the  exact  point  when  the  tubercle 
bacillus  dies,  we  are  able  by  means  of  animal  inoculations  to  deter- 
mine just  when  the  tubercle  bacillus  is  so  enfeebled  that  it  is  no 
longer  able  to  infect.     This,  after  all,  is  the  important  practical  point. 

ORIGINAL    EXPERIMENTS. 

In  all  the  tubercle  experiments  raw  whole  milk  was  used,  the  chem- 
ical composition  of  which  is  stated  in  each  case.  The  number  of 
bacteria  other  than  the  tubercle  bacillus  was  determined  by  the  usual 
method  on  agar  plates. 

The  young  tubercle  cultures  were  rubbed  up  with  the  milk  in  a 
mortar  until  a  fairly  uniform  suspension  was  obtained.  Otherwise 
the  methods  used  were  those  given  on  page  9. 

Nine  experiments  were  made  with  five  difi'erent  bovine  cultures, 
the  details  of  which  will  be  found  in  the  following  tables.  The  results 
are  consistent  so  far  as  the  thermal  death  point  is  ccmcerned.  The 
only  irregularity  will  be  fouml  in  Table  No.  1.  guinea  pig  No.  A12. 
This  animal  did  not  have  lesions  dift'ering  markedly  from  those  caused 
by  dead  tubercle  bacilli:  but  the  secondary  guinea  jng  (A12')  died 
as  a  result  of  generalizeil  tuberculosis,  afl'ecting  especially  the  lungs. 
The  secondary  guinea  pig,  inoculated  with  the  lesions  of  A9,  remained 
well.  The  other  animals  of  this  series,  namely,  A7.  A8,  AlO,  and  Al  1 , 
evidently  did  not  have  an  active  tuberculosis  due  to  living  and  viru- 
lent tubercle  bacilli. 
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Conclusion. — From  these  experiments  it  is  evident  that  the  tubercle 
bacilhis  in  milk  loses  its  infective  properties  for  guinea  pigs  when 
heated  to  60°  C.  and  maintained  at  that  temperature  for  twenty 
minutes,  or  to  65°  C.  for  a  much  shorter  time. 

It  should  be  remembered  that  the  milk  in  these  tests  was  very 
heavily  infected  with  vindent  cultures,  indicated  b}''  the  prompt 
deaths  of  the  control  animals.  Milk  would  practically  never  contain 
such  an  enormous  amount  of  infection  under  natural  conditions.  It 
is  justifiable  to  assume  thit  if  60°  C.  for  twenty  minutes  is  sufTicient 
to  destroy  the  infectiveness  of  such  milk  when  injected  into  the  peri- 
toneal cavity  of  a  guinea  pig,  any  ordinary  market  milk  after  such 
treatment  would  be  quite  safe  for  human  use  by  the  mouth  so  far  as 
tubercle  bacilli  are  concerned. 

THE    EFFECTS    OF    DEAD    TUBERCLE    BACILLI. 

In  the  foregoing  work  endeavor  was  made  to  distinguish  the 
lesions  produced  by  the  deatl  tubercle  baciUi.  P'or  comparison 
a  number  of  anunals  were  moculated  with  milk  containing  dead 
tubercle  bacilli  (killed  at  100°  C).  The  necropsy  notes  of  this 
series,  given  in  Table  No.  10,  are  very  instructive,  especially  when 
compared  with  the  foregoing  work  (Tables  1-9). 

Prudden  and  Hodenphyl  "  found  "that  tubercle  bacilli  which  have 
been  killed  by  boiling  or  otherwise,  when  introduced  into  the  bod}' 
of  the  rabbit  either  beneath  the  skin  or  into  the  serous  cavities,  or 
into  the  blood  vessels  and  the  air  spaces  of  the  lungs,  are  capable,  as 
they  slowly  disintegrate,  of  stimulating  the  cells  of  the  tissues  where 
they  lodge  to  proliferation,  and  to  the  production  of  new  tissue  mor- 
phologically similar  to  tubercle  tissue  in  its  various  phases.  Necrosis 
of  the  new-formed  cells  may  occur,  but  this  differs  in  some  respects 
from  the  coagulation  necrosis  induced  under  the  usual  conditions. 
Dead  tubercle  bacilli  are  also  markedly  chemotactic  and  capable  of 
causing  local  suppuration  and  abscess."^ 

James  Miller  found  thaf  ''Dead  tubercle  bacilli  can,  then,  protluce 
changes  which  in  their  early  stages  are  the  same  as  those  ]iroduced 
by  the  living  organism.  They  differ  m  acuteness  only.  When  these 
dead  bacilli  are  introduced  into  the  body  they  attract  the  leucocytes 

a  For  further  details  concerning  the  effects  of  dead  tubercle  bacilli  in  the  body  see 
Prudden  &.  Hodenphyl,  N.  Y.  Med.  Joium.,  Jime  6  and  20,  1891,  and  Prudden,  ibid, 
Dec.  5,  1891.  For  summary  of  later  work,  with  bibliography,  see  Herxheimer,  Zieg- 
ler's  Beitr.,  vol.  33,  p.  363;  also,  Miller,  Journ.  Path,  and  Bact.,  vol.  10,  1905,  p.  351. 

6  Delatield,  Francis,  and  Prudden,  T.  Mitchell:  A  Text-book  of  Pathology,  8th  ed. 
New  York,  Wm.  Wood  &  Co.,  1907.     1057  p.     Illus.    8°. 

c Miller,  James:  "The  Histogenesis  of  the  Tubercle"  Journal  of  Pathology  and 
Bacteriology,  1905,  vol.  10,  pp.  1-48. 
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of  both  varieties.  The  cells  take  up  the  organism,  the  polymorpho- 
nuclear forms  degenerate;  the  mononuclear  cells  are,  however,  capa- 
ble of  further  development,  and,  probably  with  the  assistance  of 
connective  tissue  cells,  form  the  epithelioid  and  giant  cells.  Inclosed 
within  their  cell  prison  the  bacilli  undergo  a  gradual  disintegration, 
setting  free  a  poison  which  may  produce  partial  death  of  a  cell,  or, 
if  in  sufhcient  quantity,  may  produce  the  death  of  many  cells.  There 
is  not  the  same  activity  in  the  leucocytes,  nor  the  same  vacuolation 
of  the  protoplasm  and  development  of  pseudopodia  in  the  mono- 
nuclear forms.  The  epithelioid  cells  have  not  the  same  size  or  the 
same  branched  appearance,  the  giant  cells  are  more  rounded  and 
smooth.  The  whole  process  gives  one  the  impression  of  less  activity. 
In  the  later  stages  the  difference  is  more  marked.  There  is  not  the 
same  wide  distribution  and  extension  of  the  process,  nor  is  there  the 
same  constant  addition  of  new  phagocytes  at  the  margin  which  will 
become  epithelioid  cells  and  help  to  swell  the  giant  cell.  There  is, 
however,  in  these  later  stages  the  same  impression  of  a  partial  cell 
necrosis.  The  bacilli  disappear,  but  the  cells  persist  and  show  the 
peculiar  hyaline  appearance.  Further,  there  is  the  same  polymorpho- 
nuclear leucocytosis  in  the  last  stage  of  pseudo-tubercle  that  we  have 
seen  in  true  tubercle." 

In  my  own  experiments,  in  order  to  avoid  the  confusion  resulting 
from  the  effects  produced  by  dead  tubercle  bacilli,  doubtful  lesions 
were  carried  over  into  another  animal.  These  "secondary"  guinea 
pigs  a])pear  in  Tables  Nos.  1  to  9.     The  method  used  was  as  follows: 

The  lesions,  and  sometimes  the  organs,  were  ground  up  in  a  mortar 
with  salt  solution,  strained  through  gauze,  and  the  extract  thus 
obtained  injected  into  the  peritoneal  cavity  of  a  young  normal  guinea 
pig.  Only  two  of  these  secondary  guinea  pigs  developed  generalized 
tuberculosis.  The  others  remained  well,  gained  weight,  failed  to 
respond  to  tuberculin,  and  gave  no  evidence  of  an  active  tubercu- 
losis at  necropsy.  Some  of  these  secondary  animals  had  small 
tuberclelike  masses  in  the  omentum,  due  to  absorption  of  the  i)rod- 
ucts  introduced  into  the  peritoneal  cavity. 

Almost  all  the  animals  were  tested  with  tuberculin  m  the  hope 
that  this  test  might  distinguish  between  the  lesions  of  live  and  of  dead 
tubercle  bacilli.  This,  however,  was  found  not  to  be  the  case,  for  when 
the  eight  animals  with  lesions  caused  by  tubercle  bacilli  known  to 
be  dead,  were  injected  with  2  c.c.  of  tubercuhn  (O.  T.)  (see  Table  Xo. 
10),  three  of  them  died.  The  series  of  gumea  pigs  in  this  table  is 
instructive  further  in  that  it  illustrates  that  dead  tubercle  bacilli  in 
milk,  when  injected  into  the  peritoneal  cavity,  may  produce  very 
extensive  tubercular  lesions  with  coagulation  necroses  (caseation),  etc. 
31685— Bull.  42—08 3 
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group  of  gliiiids  enlarged,  not  case- 
ous; mesenteric  nodes  enlarged; 
numerous  whitish  nodules  on  under 
surface  of  diaphragm;  anterior  me- 
diastinal glands  enlarged  and  case- 
ous. 

Moderate  hemorrhagic  and  edematous 
reaction  at  site  of  tuberculin  inocula- 
tion; excessive  fluid  in  peritoneal 
cavity;  omentum  contains  few  small 
caseous  nodules;  spleen  bound  down; 
otherwise  normal. 

Marked  hemorrhagic  local  reaction;  no 
glandular  enlargements;  nodules  on 
under  surface  of  diaphragm  and  in 
omentum;  liver  and  spUuMi  contain 
tubercle-like  areas. 

TIemorrhagic  and  edematous  reaction 
at  site  of  tulierculin  inoculation;  in- 
guinal glands,  both  sides,  enbirged 
and  reddened;  axillary  glands  less  so; 
excessive    clear    fluid    in    peritoneal 

.  cavity;  tendency  to  coagulate;  small 
caseous  nodule  in  abdominal  wall  at 
site;  omentum  rolled  up  and  contains 
numerous  nodules,  some  caseous; 
spleen  bound  down;  caseous  mass  size 
of  pea  between  spleen  and  kidney; 
spleen  enlarged  and  contains  four 
nodules  on  surface;  ileolumbar  glands 
.sUghtly  eidarged;  under  surface  of 
diaphragm  roughened  with  numerous 
whitish  nodules;  anterior  mediastinal 
glands  erJargod  and  caseous. 

• 

Chloroformed  Nov.  13, 1907. 
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REVIEW  OF  THE  WORK  OF  OTHERS  UPOX  THE  THERMAL  DEATH  POINT 
OF  THE  TUBERCLE  BACILLUS. 

The  early  work  upon  the  thermal  death  point  of  the  tubercle 
bacillus  is  clouded  in  the  obscurity  of  meager  data  and  insuffi- 
ciently controlled  and  imperfectly  oriented  experiments. 

Martin,''  1882,  concludes,  from  two  experiments  with  fragments  of 
Iimg  of  a  tuberculous  guinea  pig,  that  with  an  exposure  to  a  moist 
temperature  of  80°  C.  the  infectivity  of  tubercle  bacilli  is  not  lost. 

May,^  1883,  undertook  to  determine  how  long  the  milk  of  tuber- 
culous cows  must  be  boiled  to  render  it  surely  innocuous.  He  experi- 
mented with  injections  of  material  into  the  peritoneal  cavity  of 
guinea  pigs.  All  the  injections  of  cooked  fluids,  milk,  etc.,  gave 
negative  results.  Most  of  the  experiments  with  raw  milk  of  tuber- 
culous cows  also  gave  negative  results;  a  few  positive.  He  con- 
cludes that  there  is  small  danger  of  infection  from  raw  milk,  and 
none  at  all  from  cooked  milk,  for  human  beings. 

Sormani,'"  1884,  is  reported  by  De  Man  to  have  injected  milk  con- 
taining tubercle  bacilli  into  guinea  pigs  after  having  heated  it  ten 
minutes  at  70°,  80°,  and  90°  C,  with  the  result  that  all  the  animals 
became  tuberculous.  When,  however,  the  milk  was  kept  seething 
for  five  minutes,  cooled,  and  injected,  the  animals  remamed  sound. 

SchOl  and  Fischer,''  1884,  studied  the  action  of  a  temperature  of 
100°  C.  upon  tuberculous  sputum.  They  found  that  100°  of  dry 
temperature  did  not  surely  destro}^  the  virulence  of  tuberculous 
sputum  whether  dry  or  moist. 

Voelsch^  concluded  that  boiling  did  not  destroy  the  virulence  in 
tuberculous  products  from  rabbits,  serum  cultures,  or  tuberculous 
sputum.  His  experiments  were  made  upon  rabbits,  and  it  appears 
that  he  misinterpreted  tlie  lesions  produced  by  dead  tubercle  bacilli. 
He  went  so  far  as  to  believe  that  boiling  twice,  while  it  attenuates, 
does  not  destroy  the  virulence  of  the  tubercle  bacillus. 

Yersin,^  1888,  tested  the  thermal  death  point  of  tubercle  bacilli 
"with  spores  and  without  spores."  The  tubercle  bacilli  "without 
spores"  were  obtained  from  spleen  pulp  of  a  rabbit  dead  of  the 

o  Martin,  Hippolyte:  Sur  la  transformation  du  tubercule  vrai  ou  infectieux  on  corps 
Stranger  inerte  sous  I'influence  de  hautes  temperatures  et  de  reactifs  divers.  Rev. 
de  m6d.,  vol.  2,  1882,  p.  91S-927. 

&May,  F.:  Ueber  die  Infectiositiit  der  Milch  perlsiichtiger  KuIkv  Arch.  f.  Ilytj., 
vol.  1,  1883,  p.  121. 

cSormani:  Annali  uuiversali  di  med.,  vol.  2(59,  1884. 

d  Sciiill  and  Fischer:  Ueber  die  Desinfection  des  Auswuri's  der  Pht  isiker.  Mittlieil. 
a.  d.  k.  Gesndh.,  vol.  2,  1884,  p.  1.31. 

^Voelsch:  Beitrage  zur  Frage  nach  der  Tenacitilt  der  Tuberkellnuillen.  Ziegler  ct 
Nauwerk's  Beitrage  zur  path.  Anat.  u.  Phys.,  vol.  2,  1887. 

/Yersin.  A.:  De  Paction  de  quelques  antiseptiques  et  de  la  chak'ur  sur  le  bacille 
de  la  tuberculose.     Ann.  de  I'Inst.  Pasteur,  vol.  2,  1888,  p.  CO. 
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intravenous  injection  of  a  culture.  Some  of  this  spleen  pulp,  very 
rich  in  bacilli,  was  (Jra\vn  into  capillary  tubes  hermetically  sealed  and 
plunged  into  a  water  bath  kept  at  the  desired  temperature.  After 
heating,  the  pulp  was  inoculated  upon  glycerine  bouillon.  Tubes 
heated  to  55°  for  ten  minutes  gave  subsequent  growth;  those  heated 
to  60°  for  ten  minutes,  no  growth;  those  heated  to  70°  for  ten  min- 
utes, no  growth.  The  tubercle  bacilli  "with  spores"  came  from  an 
old  culture  in  glycerin  bouillon.  Tubes  heated  to  55°  for  ten  min- 
utes gave  subsequent  growth;  those  heated  to  60°  for  ten  minutes 
gave  subsequent  growth;  those  heated  to  65°  for  ten  minutes,  no 
growth;  those  heated  to  70°  for  10  minutes,  no  growth. 

Yersin  concludes  that  the  bacillus  of  tuberculosis  resists  a  tem- 
perature of  60°  C.  for  ten  minutes,  and  that  it  is  remarkable  that  the 
resistance  of  the  ''spores"  to  the  heat  is  not  greater  than  that  of  the 
bacilli  themselves.     He  made  no  tests  upon  animals. 

He  found,  contrary  to  the  work  of  Schill  and  Fischer,  that  tuber- 
culous sputum  heated  to  100°  for  two  minutes  is  always  sterile. 

Thus  early  in  the  history  of  these  investigations  the  idea  became 
prevalent  that  the  tubercle  bacillus  possessed  a  resistance  to  heat 
considerably  greater  than  that  of  other  nonspore-bearing  pathogens. 
Indeed,  at  tliis  time  the  tubercle  bacillus  was  regarded  by  many  as 
occurring  in  a  spore-bearing  form,  and  some  of  the  wTiters  spend 
much  time  in  telling  whether  the  strains  they  used  were  spore-bear- 
ing or  not,  omitting  more  pertinent  facts. 

Bitter,"  1890,  accepted  the  results  of  Yersin  to  the  effect  that  the 
tubercle  bacillus  when  evenly  distributed  through  milk  is  killed  by 
an  exposure  to  75°  C.  for  ten  minutes,  and  inquires  if  a  lower  tem- 
perature, desirable  for  practical  reasons,  might  not  be  equally 
efTicacious.  He  cautiously  descends  as  far  as  68°  to  69°,  and  finds 
that  milk  to  which  infected  sputum  had  been  added  and  placed  in 
test  tubes  immersed  in  a  previously  warmed  water  bath  is  rendered 
innocuous  to  guinea  pigs  inoculated  intraperitoneally,  if  the  exposure 
has  lasted  as  much  as  twenty  minutes.  Controls  injected  with  the 
unheated  milk  died  of  tuberculosis  in  five  weeks.  To  be  perfectly 
safe,  the  author  recommends  that  the  exposure  to  68°-69°  be  increased 
to  thirty  minutes. 

Ban^,^  1891,  states  that  his  experiments  demonstrate  that  heating 
to  85°  C,  and  sometimes  even  to  80°  C,  kills  all  the  tubercle  bacilli;, 
that  heating  "for  five  minutes  to  70°  C.,  sometimes  to  60°  C,  so  enfee- 

a  Bitter,  H.:  Versuche  uber  das  Pasteurisiren  der  Milch.  Zeit.  f.  Hyg.,  vol.  8, 
1890,  p.  240-28G. 

&  Bang:  Le  danger  suppose  de  la  consommation  du  lait  et  de  la  viande  sains  en 
apparence  mais  provenent  d'animaux  atteints  de  la  tuberculose.  Trans,  internat. 
Cong.  hyg.  et  d(^'inog.,  1890,  p.  193.  Also:  Experimentelle  Untersuchungen  iiber 
tuberculose  Milch.     Deut.  Zeit.  f.  Tiermcd.,  vol.  17,  1891.  p.  1. 
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bles  the  virus  that  he  beheves  it  is  no  longer  able  to  infect  when  fed 
by  way  of  the  digestive  tract.  Ten  years  later  Bang  was  obliged  to 
correct  in  part  some  of  liis  early  results. 

Many  observers  nowadays  would  regard  these  results  as  indicating 
an  unduly  liigh  resistance  of  the  organism  and  would  suspect  that 
Bang  gave  the  tubercle  bacillus  a  handicap  in  three  ways:  (1)  In 
using  pathological  milk  prone  to  form  little  clots  on  heating,  which 
protect  the  tubercle  bacilli  (see  Barthel  and  Stenstrom);  (2)  in  not 
avoiding  the  formation  of  the  protective  surface  pellicle  (see  Th. 
Smith,  Russell  and  Hastings,  Hesse),  and  (3)  possibly  in  failing  to 
differentiate  the  lesions  caused  by  dead  tubercle  from  those  caused  by 
living  germs  (Smith,  Miller,  Prudden,  and  Hodenphyl). 

Bonhoff,"  1892,  did  not  work  with  milk,  but  gives  some  data 
obtained  with  pure  cultures  of  tubercle  bacilli  in  liquid  media,  which 
may  be  accepted  as  contributory  evidence.  Young  cultures,  the 
ultimate  antecedents  of  which  are  not  stated,  were  exposed  in  test 
tubes  placed  in  a  water-bath,  the  temperature  being  observed  on  a 
thermometer  placed  inside  the  tube.  Guinea  pigs  were  inoculated 
intraperitoneally  before  and  after  exposure.  The  significant  findings 
are,  that  while  50°  for  sixty  minutes  failed  to  kill  the  bacteria,  60°  for 
twenty  minutes  did  kill  them.  Exposures  of  less  than  twenty 
minutes  were  not  made.  The  author  unfortunately  had  some  diffi- 
culty in  preventing  the  development  of  lung  tuberculosis  in  his 
animals.  For  instance,  the  pigs  receiving  the  material  heated  to  60° 
for  forty  minutes,  70°  for  sixty  minutes,  and  80°  momentarily, 
developed  what  he  calls  and  is  at  considerable  pains  to  difi'erentiate  as 
inhalation  tuberculosis. 

Grancher  and  Ledoux-Lebard,^  1892,  appreciated  the  occurrence  of 
lesions  produced  by  dead  tubercle  bacilli  in  their  inoculated  animals. 
They  showed  that  human  tubercle  bacilli  are  more  sensitive  to  the 
action  of  temperatures  of  50°  C.  than  are  avian  tubercle  bacilli. 
Heating  the  avian  bacilli  to  50°  or  60°  for  fifteen  minutes  did  not  kill 
them.  Animals  inoculated  died  of  tuberculosis.  However,  the 
organisms  heated  to  60°  were  attenuated.  Heating  to  70°  under  the 
same  conditions  noted  was  sufficient  to  destroy  the  power  of  the 
avian  tubercle  bacilli  to  infect  laboratory  animals. 

The}'  heated  cultures  of  human  tubercle  bacilli  suspended  in  dis- 
tilled water  and  found  that  five  minutes  at  60°  sufficed  to  attenuate 
the  virulence.  Heating  to  60°  for  ten  minutes  and  twenty  minutes 
also  greatly  attenuated  the  virulence.  AVhen  heated  to  70°  C.  for 
one,  two,  five,  or  ten  minutes  the  tubercle  bacilli  were  killed. 


oBonhoff:  Die  Einwirkung  hoherer  Wamiegrade  auf  Tuberkelbacillen-Reinkul- 
turen.     Hyg.  Runds.,  vol.  2,  1892,  p.  1009. 

i> Grancher.  J.,  and  Ledoux-Lebard:  Tuberculose  avaaire  et  humaine.  Arch,  dc 
m6d.  exper.  et  d'auat.  pathol.,  vol.  4,  1892,  p.  1. 
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Forster,"  1892,  sealed  off  small  glass  tubes  containing  for  the  most 
part  the  milklike  material  squeezed  from  the  cut  surface  of  tuber- 
cular udders  and  placed  these  in  a  water  bath  kept  at  the  desired 
temperature  for  various  periods.  They  were  then  cooled  quickly 
and  injected  intraperitoneally  into  guinea  pigs.  The  presence  or 
absence  of  living  tubercle  bacilli  was  determined  by  autopsy,  by 
the  lesions,  or  by  carrying  the  suspect  material  over  into  other  ani- 
mals. The  bacilli  appeared  not  to  be  killed  by  three  hours  exposure 
to  55°,  forty-five  minutes  exposure  to  60°,  or  momentary  exposure 
to  80°,  but  were  killed  by  six  hours  exposure  to  55°  (sputum),  one 
hour  exposure  to  60°  and  80°,  momentary  exposure  to  95°.  These 
figures  indicate  a  high  degree  of  resistance. 

It  is  difficult  to  explain  the  high  figures  obtained  by  Forster, 
especially  in  the  light  of  the  work  of  Smith,  Russell  and  fastings 
and  my  own. 

The  next  year  the  same  author,^  reviewing  the  situation,  empha- 
sizes that  pasteurizing  apparatus  is  of  two  kinds;  (1)  in  which  the 
milk  passes  over  heated  surfaces  and  is  momentarily  raised  to  a 
given  temperature,  and  (2)  in  which  the  milk  is  heated  in  kettles, 
bottles,  etc.,  and  may  be  kept  for  a  certain  time  at  the  desired  tem- 
perature. He  says  that  the  latter  are  the  only  ones  applicable  to 
milk  containing  tubercle  bacilli,  because  momentary  heating  to  tem- 
peratures insufficient  to  change  the  taste  of  the  milk  does  not  kill 
tubercle  bacilli. 

De  Man,*^  1893,  working  under  Forster,  obtained  results  long  cur- 
rent in  text-books  and  which  have  been  accepted  as  the  standards 
for  practical  work  in  many  regulations  for  dairy  methods.  The  fol- 
lowing brief  summary  of  early  work  on  the  subject  culled  by  him 
from  Gal  tier  (1879)  shows  the  discrepancies  and  inadequacies  of  this 
period — faults,  however,  which  contmue  to  appear  in  recent  work: 


Author. 

Temperature. 

Time. 

Result. 

Chaveau  and  Arloing 

70°,  100° 

73°,  7()°,  80°... 
100° 

30  minutes.. 

CM 

30  minutos. . 

(?) 

No  certainty  of  killing  tubercle  bacilli. 

Gcrlach 

Martin 

80°,  100° 

Kli'hs 

Boiled  milk  may  cause  tuberculosis. 
Boiled  tubercular  sputum  innocuous. 
Paper  impregnated  with  tul>orcle  bacilli 

loses  \-irulence  by  dipping  in  boiling 

water. 

Frcrichs,  Parrot,  and  Martin.. 

VaUin 

a  Forster,  J.:  Ueber  die  Einwirkung  hoher  Temperaturen  auf  Tuberkelbacillen.  Hyg.  Runds., 
vol.  2,  1892,  p.  869. 

ftForatcr,  J.:  Ueber  die  Einwirkung  hohor  Temperaturen  auf  Tuberkelbacillen.  Hyg.  Runds., 
vol.  3,  1893,  p.  609. 

••DeMan.C:  tjber  die  Einwirkung  von  hohcr  Temperaturen  auf  Tuberkelbacillen.  Arch.  f.  Hyg.. 
vol.  18,  1893,  p.  133. 
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De  Man  states  that  few,  if  any,  of  these  authors  recite  the  condi- 
tions and  methods  of  their  experiments.  He  used  material  from  the 
substance  scraped  from  the  cut  surface  of  tuberculous  udders,  and 
in  some  instances  tubercular  sputum.  The  work  was  done  in  the 
same  manner  as  Forster's,  q.  v.,  and  is  apparently  a  part  of  or  a 
continuation  of  the  same  series  of  experiments.  His  results  may  be 
condensed  as  follows: 

Tubercle  bacilli  are  killed  by  the  following  temperatures:  In  udder 
juice,  55°  after  four  hours  exposure,  60°  after  one  hour  exposure  (not 
after  forty-five  minutes),  80°  after  five  minutes  exposure,  90°  after 
two  minutes  exposure,  95°  after  one  minute  exposure;  in  sputum, 
65°  after  fifteen  minutes  exposure,  70°  after  ten  minutes  exposure. 
Exposure  for  less  time  failed  to  kill.  Control  animals  injected  with 
miheated  material  became  tubercular. 

Smith,"  1899,  sa3's,  in  criticism  of  this  work,  that  such  dense 
suspensions  can  not  be  used  to  determine  the  thermal  death  point  to 
be  compared  with  those  of  other  bacilli,  nor  can  they  be  regarded  as 
imitating  the  conditions  under  which  tubercle  bacilli  occur  in  milk. 
It  might  be  added  that  De  Man's  work  at  two  very  interesting  tem- 
peratures (65°  and  70°)  was  performed  with  sputum  and  not  even 
udder  juice. 

Schroeder, '^  1894,  obtained  what  may  be  regarded  as  an  early  hint 
that  comparatively  low  temperatures  may  be  effective  in  killing  the 
tubercle  bacillus  in  milk.  With  most  other  observers  at  that  time, 
he  had  been  led  to  regard  the  tubercle  bacillus  as  a  nonsporo-bearing 
pathogen  almost  unique  among  this  class  in  its  resistance  to  heat. 
He  acted  upon  the  advice  of  Yersin  who,  at  the  suggestion  of  Roux, 
attempted  to  nuike  use  of  this  property  to  rid  milk  of  those  other 
organisms  which  fi'equently  produce  disease  or  death  when  injected 
into  animals.  Schroeder,  attempting  to  discover  the  presence  of 
tubercle  bacilli  in  market  milk,  heated  the  specimens  to  60°  for 
fifteen  minutes  before  injection.  Fortunately,  he  controlled  this 
procedure  with  milk  artificially  inoculated  with  tubercle  bacilli,  and 
the  failure  to  get  tuberculosis  in  market  milk  specimens  was  })aral- 
leled  with  a  similar  failure  in  the  controls.  The  inference  was  that 
60°  for  fifteen  minutes  could,  under  some  circumstances,  kill  tubercle 
bacilli. 

Woodhead,''  1895,  obtained  very  discordant  results,  which  it  is 
difficult  to  interpret.     It  is  probable  that  they  are  explained,  in  the 

"  Smith,  Theobald:  The  thermal  death  point  of  tubercle  bacilli  in  milk  and  other 
fluids.     Journ.  Exper.  Med.,  vol.  4,  1899,  p.  217. 

^  Schroeder,  E.  C:  Further  experimental  observations  on  the  presence  of  tubercle 
bacilli  in  the  milk  of  cows.     U.  S.  Bur.  An.  Industry,  Bull.  7,  1894.  p.  75. 

c  Woodhead,  G.  Sims:  Report  of  the  Royal  Commission  appointed  to  inquire  into 
the  effect  of  food  derived  from  tuberculous  animals  on  human  health.  Parts  8,  9,  12, 
and  13.     1895. 
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case  of  experiments  conducted  with  milk  artificially  contaminated 
with  pieces  of  tubercular  tissue,  by  the  fact  that  clumps  of  consid- 
erable size  (too  large  to  pass  through  the  inoculating  needle  and 
requiring  glass  pipettes  for  inoculation)  were  added  to  the  milk,  and 
that  these  would  in  some  manner  protect  the  bacilli;  and  in  the  case 
of  naturally  tuberculous  milk  by  the  probability  of  protection  by 
coagula — especially  prone  to  occur  in  the  concentrated  pathological 
product — and  by  the  pellicle  which  forms  on  the  surface  of  heated 
milk. 

Considering  the  inoculation  experiments  ^vith  both  the  natural  and 
the  artificial  tuberculous  milk,  the  following  minimum  lethal  tempera- 
ture exposures  are  found  in  the  tables:  50°  C.  killed  surely  only  after 
fifteen  hours;  55°,  after  seven  hours;  60°,  after  eight  hours;  65°,  after 
four  hours;"  70°,  after  forty-five  minutes;  75°,  after  thirty  minutes; 
80°,  — ;  85°,  after  two  and  one-half  minutes;  90°  did  not  kill. 

This  summary  shows  how  Woodhead's  results  contradict  them- 
selves and  differ  from  those  of  other  observers.  ^Ylien  the  results 
wdtli  the  naturally  tuberculous  milk  alone  are  considered,  the  results 
accord  more  with  Bang's;  for  example:  60°  kills  surely  after  forty- 
five  minutes;  65°,  after  two  and  one-half  minutes;  70°,  after  two 
and  one-half  minutes. 

Marshal,''  1899,  first  sterilized  milk,  then  added  tuberculous  mate- 
rial from  cows,  injected  control  animals  with  this  suspension,  and 
then  exposed  the  milk  in  shallow  dishes  in  a  "pail  sterilizer"  placed 
on  a  water  bath.  Heat  was  applied  to  the  water  bath  until  the  tem- 
perature in  all  parts  of  the  vapor  chamber  was  68°.  This  tempera- 
ture was  maintained  twenty  minutes.  The  shallow  layer  of  milk 
was  devised  to  secure  equal  temperature  tlu-oughout  the  milk.  The 
controls  died  in  a  few  wrecks  of  tuberculosis,  but  none  of  the  test  animals 
killed  and  examined  at  the  same  time  showed  any  signs  of  tubercu- 
losis. He  states  that  from  other  experience  he  knows  that  60°  for 
ten  minutes  will  not  kill  tubercle  bacilli,  but  does  not  detail  the  experi- 
ments upon  which  this  conclusion  is  based. 

Theobald  Smith,"  1899,  contributed  an  article  to  the  literature  of 
this  subject  which  marks  an  era  in  the  histofy  of  the  pasteurization 
of  milk  based  upon  the  thermal  death  point  of  the  tubercle  bacillus. 
Smith's  experiments  were  most  carefully  performed.  Many  pitfalls 
and  errors  which  some  of  his  predecessors  had  fallen  into  were  avoided 
and  pointed  out.  The  only  possible  objection  to  the  work,  which 
applies  with  equal  force  to  all  laboratory  experiments,  is  that  it  was 
not  done  on  a  scale  of  practical  dairy  pasteurization. 

(^  No  experiment  between  three  and  four  hours;  killed  after  two  hours. 

b  Marshal,  Charles  E.:  Killing  the  tubercle  bacillus  in  milk.  Michigan  State 
Agricultural  College  experiment  station,  Bull.  173,  1899. 

c  Smith,  Th.:  The  thermal  death  point  of  tubercle  bacilli  in  milk  and  some  other 
fluids.     Journ.  Exper.  Med.,  vol.  4,  1899,  p.  219. 
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He  limited  his  investigation  to  the  effects  of  60°  upon  artificially 
infected  milk  and  demonstrated  by  a  series  of  experiments,  wliich 
should  be  consulted  in  the  original  to  appreciate  their  full  force  and 
value,  that  an  exposiu-e  to  60°  for  fifteen  minutes  is  enough  to  kill 
tubercle  bacilli  suspended  in  distilled  water,  normal  salt  solution, 
bouillon  and  milk,  provided  that  in  the  case  of  milk  the  production 
of  a  surface  pellicle  is  prevented.  The  pellicle  which  forms  during 
the  exposure  may  contain  li\'ing  tubercle  bacilli  after  sixty  minutes 
exposure  at  60°  C. 

Smith  concluded  that  (1)  tubercle  bacilli  when  suspended  in  dis- 
tilled water,  normal  salt  solution,  bouillon  and  milk  are  destroyed  at 
60°  C.  in  fifteen  to  twent}"  minutes  (the  larger  number  are  destroyed 
in  five  to  fifteen  minutes);  (2)  when  tubercle  bacilh  are  suspended 
in  milk  the  pellicle  which  forms  during  the  exposure  at  60°  C.  may 
contain  living  bacilli  after  sixty  minutes.  He  also  states  that  these 
experiments  demonstrate  that  tubercle  bacilli  are  no  more  resistant 
to  heat  than  many  other  bacilli  not  producing  spores. 

Forster  and  De  Man,  had  they  used  a  homogeneous  suspension  in 
normal  milk,  must  have  arrived  at  similar  results  with  their  sealed 
tubes,  where  a  pellicle  does  not  form;  but  as  Barthel  and  Stenstrom 
have  shown,  the  pathological  material  from  tuberculous  udders,  prob- 
ably because  of  its  abnormal  reaction,  is  especially  prone  upon  heat- 
ing to  the  formation  of  little  clumps  of  proteid  coagula,  which  exert 
a  protective  influence  against  heat  upon  the  tubercle  bacilli. 

Morgenroth,"  1900,  apparently  had  not  the  benefit  of  Smith's  work 
when  he  did  his  own  experiments.  He  determined  that  70°  for  ten 
minutes  or  100°  momentarily  did  not  kill  the  tubercle  bacilli  in  milk 
from  tuberculous  udders.  Scum  formation  was  not  mentioned  and 
the  minutiae  of  the  experiments  are  omitted.  He  worked  with  the 
"thermophore,"  an  apparatus  which  maintains  a  heat  of  55°  or  more 
for  several  hours,  and  says  that  artificially  inoculated  milk  is  freed 
from  living  tubercle  bacilli  in  this  apparatus  after  three  hours,  two 
hours  being  insufficient. 

Kobrak,''  1900,  states  that  the  thermophore  kills  tubercle  bacilli 
in  milk  infected  with  sputum  in  four,  but  not  in  three,  hours.  The 
temperature  ranged  probably  somewhat  over  50°  during  this  time. 

Beck,*^  1900,  concludes  from  liis  experiments  that  raising  milk  to 
the  boiling  point  is  insufficient  to  kill  the  contained  tubercle  bacilli, 
but  that  they  are  surely  l^illed  by  three  minutes  boiling.     He  also 

« Morgenroth :  Versiiche  iiber  Abtodtiing  von  Tuberkelbacillen  in  Milch.  Hyg. 
Runds.^vol.  10,  1900,  p.  685. 

6  Kobrak:  Die  Bedeutung  des  Milch-Thermophores  fur  die  Sauglingsemahruiig. 
Zeit.  f.  Hyg.,  1900,  vol.  34,  p.  518. 

c  Beck:  Experimentolle  Beitriige  zur  Untersuchungen  iiber  die  Marktniilch.  Deut. 
Viertelj.  f.  off.  Gesundhpfl.,  vol.  32,  1900,  p.  430. 
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found  that  when  steriHzed  milk  infected  with  fine  suspensions  of 
tubercle  bacilli  was  exposed  to  70°  for  ten  minutes,  70°  for  thirty 
minutes,  and  80°  for  thirty  minutes,  tuberculosis  resulted  in  inocu- 
lated guinea  pigs. 

Gal  tier,"  1900,  found  that  five  to  six  minutes  heating  of  milk  to 
70°  C,  and  even  85°  C,  was  not  sufficient  to  destroy  the  tubercle 
bacillus  when  that  product  is  richly  contaminated.  He  prepared  an 
emulsion  from  the  spleens  and  lungs  of  tuberculous  rabbits,  which  was 
mixed  up  with  the  milk.  He  concludes  from  his  studies  that  milk 
richly  contaminated  by  the  addition  of  tuberculous  matter  is  not 
surely  sterilized  at  85°  for  six  minutes.  He  recommends  boiling  as 
the  only  safe  procedure  to  practice. 

Ilabinowitsch,^  1900,  made  the  statement  that  recent  investigations 
at  the  Institut  ftir  Infektionskrankheiten  in  Berlin  had  shown  that 
tubercle  bacilli  in  milk  are  surely  killed  only  by  a  temperature  of 
100°  C.  Her  results  recalled  attention  to  the  fact  that  the  tubercle 
bacillus,  like  all  other  organisms  embedded  in  fat,  is  more  resistant 
to  heat,  and  that  this  may  account  for  the  irregular  results  obtained 
by  investigators. 

Russell  and  Hastings,'^  1900,  made  a  valuable  contribution  to  our 
knowledge  of  pasteurization,  inasmuch  as  they  applied  the  principles 
elucidated  by  Smith  to  work  upon  a  practical  scale.  They  made  use 
of  a  Potts'  pasteurizer,  which  represents  that  type  of  machine  which 
permits  of  heating  milk  for  a  specified  time  at  a  specified  tempera- 
ture in  a  close  chamber,  thorough  distribution  of  the  heat  being 
secured  by  the  rotary  movements  of  the  machine.  Bovine  cultures 
of  determined  virulence  were  scraped  from  dog-serum  slants  rubbed 
up  with  a  0.6  per  cent  salt  solution,  sedimented  to  remove  large 
clumps,  and  then  the  supernatant  suspension  was  added  in  definite 
proportions  to  the  milk.  This  infected  milk,  after  control  animals 
had  been  inoculated,  was  placed  in  small  glass  tubes  closed  with  a 
cork  and  rubber  guard,  and  these  tubes  were  then  heated  in  a  water 
bath  up  to  the  desired  temperature  and  then  dropped  into  the 
apjiaratus  already  raised  to  that  point.  During  the  exposure  the 
temperature  of  the  milk  fluctuated  no  more  than  1  degree  and  that 
only  momentarily.  The  only  temperature  employed  was  60°  C. 
After  a  specified   time   the  tubes  were  removed  and   the   contents 

oQaltier,  V.:  Le  kit  tuberculeux  cesse-t-il  d'etre  dangereux  apr^s  un  court  ohauf- 
fage  ;\  70-75  degri's?  Compt.  rend,  des  seances  et  m^m.  de  la  soc.  de  biol..  vol.  2, 
2d  ser.,  1900,  p.  120. 

«>  Rabinowitsch,  Lydia:  Deut.  med.  Woch.,  vol.  26,  1900,  p.  491. 

c  Russell,  II.  L.,  and  Hastings,  E.  G.:  Thermal  death  point  of  tubercle  bacilli 
under  commercial  conditions.  University  of  Wisconsin  Agricultural  Experiment 
Station,  17th  Ann.  Rep.,  1900. 
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injected  intraperitoneally  into  griiinea  pigs.     The  results  are  clearly 
shown  in  the  following  tables: 


Time  exposed. 

Result  in  eax;h  series. 

I. 

II. 

III. 

IV. 

V. 

60°,  45  minutes 

-- 

60°,  30  minutes                                                                

60°,  20  minutes                                                         

-- 

60°,  10  minutes..               

+  + 

+  + 

Control 

+ 

+ 

+ 

+ 

+ 

—  =  No  tuberculosis. 

+  =  Tuberculosis. 

Two  pigs  in  each  experiment. 


A  series  was  then  run  which  shows  the  difference  in  effect  of  heating 
in  open  vessels  and  in  sealed  or  closed  tubes,  tlie  latter  being  placed 
m  Potts'  machine. 


Series  VI . 

Series  VII. 

Time  exposed. 

Potts' 
sealed 
tube. 

Open 
bottle. 

Potts' 
sealed 
tube. 

Open 
bottle. 

+  + 

60°,  10  minutes         . .          

+  + 
+ 

+  + 
+  + 

+ 

+  + 
+ 

+  + 

—  =  No  tuberculosis. 

+  =  Tuberculosis. 

Two  pigs  in  each  experiment. 


In  their  experiments,  milk  heated  at  60  degrees  began  to  show 
visible  signs  of  pellicle  after  about  twenty  minutes,  but  the  authors 
think  that  flocculent  patches  exist  before  this.  For  practical  work 
they  advise  pasteurization  at  60  degrees  for  twenty  minutes  in  closed 
apparatus. 

Herr,"  1901,  worked  with  cream  only.  Here  the  problem  is 
difl'erent  from  that  of  milk  pasteurization.  It  is  not  necessary  to 
avoid  those  temperatures  which  change  the  taste  of  the  product, 
which  is  used  for  making  butter,  and  hence  a  higher  temperature  and 
very  brief  exposure  may  be  employed,  permitting  the  use  of  the  so- 
calletl  continuous  pasteurizers  which  operate  with  a  great  economy 
of  time  and  fuel.  In  Ilerr's  experiments  cream  was  shaken  up  with 
tuberculous  sputum,  the  mixture  sealed  off  in  tubes  of  4  c.  c.  capacity, 
leaving  as  little  air  as  possible  in  the  tubes.  He  had  pre^^ously 
determined  how  long  it  would  take  to  heat  the  contents  of  such 

a  Herr:  Das  Pasteurisiren  des  Rahmes  als  Schutz  gegen  die  Verbreitung  der  Tuber- 
kelbacillen  durch  Butter.     Zeit.  f.  Hyg.,  vol.  38,  1901,  p.  182. 
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tubes  to  certain  temperatures  by  dropping  them  into  boiling  water. 
The  infected  tubes  were  therefore  placed  in  boiling  water  for  the 
time  necessary  to  heat  to  the  desired  temperature  and  then  placed 
in  a  water  bath  maintained  at  this  temperature.  After  the  lapse  of 
the  desired  time  they  were  cooled  rapidly  and  injected  into  guinea 
pigs  intraperitoneally.  The  results  are  sho\\Ti  in  the  table,  +  and  — 
indicating  that  the  animals  became  tuberculous  or  not.  The  results 
were  controlled  by  examination  after  the  death  or  killing  of  the 
animals. 


Temperature  and  time. 


65°,  15  minutes. 
68°,  15  minutes. 
70°,  7  minutes. . 
72°,  7  minutes. . 
75°,  3  minutes. . 
75°,  5  minutes. . 
80°,  5  seconds.. 


Result. 


+ 


Temperature  and  time. 


Result. 


80°,  3  minutes . 
85°,  5  seconds  . 
85°,  5  minutes. 
89°,  30  seconds. 
90°,  5  seconds . . 
95°,  5  seconds . . 


a  Pseudo-tubercle,  Pfeiflfer. 

As  the  most  practical  temperature  and  exposure,  Herr  recommends 
85°  for  two  minutes  for  cream  from  which  butter  is  to  be  made.  This 
is  obtained  in  the  "continuous"  form  of  apparatus. 

Hesse, '^  1901,  corroborates  Smith's  findings.  Sterilized  milk  inoc- 
ulated with  a  culture  of  human  tubercle  bacilli  several  weeks  old  was 
sealed  off  in  small  tubes  and  these  dropped  into  a  Pfund's  sterilizer 
previously  heated.  After  twenty  minutes  exposure  they  were  taken 
out  and  cooled  and  the  contents  injected  into  guinea  pigs.  The  ani- 
mals were  killed  after  fifty-five  days.  Controls  receiving  unheated 
milk  had  high-grade  generalized  tuberculosis.  Pigs  receiving  milk 
heated  at  57°  for  twent}'  minutes  had  less  severe  lesions;  those 
receiving  milk  heated  at  58°  for  twenty  minutes  had  still  severe 
lesions,  and  one  receiving  milk  heated  at  60°  for  twenty  minutes  was 
entirely  sound,  the  other  having  a  small  translucent  nodule  in  the 
diaphragm,  in  wliich  no  tubercle  bacilli  were  found. 

The  experiments  corroborate  Smith's  findings.  The  gradation  of 
severity  of  lesions  inversely  with  the  increased  temperature  is  inter- 
esting. 

Levy  and  Bruns,^  1901,  showed  that  a  temperature  varying  be- 
tween 65°  and  70°  C.  and  ()])erating  for  fifteen  to  twenty-five  minutes 
ellectually  killed  bo\ane  and  human  tiil)ercle  bacilli  in  milk,  when 
1  liter  of  the  artificially  infected  milk  was  exposed  in  a  d'Arsonval 

a  Hesse:  Ueber  die  Abtodtung  der  Tuberkelbacillen  in  60°  C.  warmer  Milch.  Zeit. 
Tiermed.,  1901,  vol.  5,  p.  5-6. 

*>  Levy,  E.,  and  Briins,  Hug(K  Ueber  die  Abtodtung  der  Tuberkelbacillen  in  der 
Milch  durch  Einwirkung  von  Teniperaturen  unter  100°.  Hyg.  Runds.,  vol.  11, 
1901,  p.  669. 
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thermostat — i.  e.,  under  conditions  where  a  pelHcle  would  not  be 
formed.  The  work  is  interesting  especially  because  a  liter  of  milk 
was  used  in  the  experiments.  It  is  to  be  regretted  that  thev  did  not 
experiment  ^^'ith  lower  temperatures. 

Barthel  and  Stenstrom,^  1901,  report  some  preliminary  work 
which  must  be  interpreted  as  showing  the  influence  of  coagula  in 
protecting  the  tubercle  bacilli  from  the  action  of  heat.  This  clot 
formation  was  probably  due  to  the  abnormal  reaction  of  the  patho- 
logical fluid  from  tuberculous  udders  employed.  Animals  injected 
^^^th  tliis  material  became  tuberculous  after  it  had  been  heated  to 
75°  for  fifteen  minutes  and  80°  for  ten  minutes.  Temperatures  and 
exposures  sufficient  to  kill  the  tubercle  bacilli  under  the  conditions 
of  the  experiments  were  not  employed.  In  tliis  connection  the  sub- 
secjuent  work  of  these  authors  should  be  consulted  (yide  infra). 

Bang,*  1902,  reported  a  large  number  of  experiments  which  give 
results  at  variance  with  those  of  this  author's  former  investigations. 
To  avoid  the  formation  of  the  surface  pellicle  and  foam,  in  some  of 
his  work  he  exposed  the  milk  in  closed  metallic  boxes  containing  a 
thermometer  immersed  in  a  water  bath  and  kept  constantly  in 
motion  during  the  exposure  to  insure  an  equal  distribution  of  the 
heat.  As  in  former  work,  he  used  rabbits  to  test  the  virulence  of 
exposed  material  by  the  intraperitoneal  method.  He  exp'^rimented 
with  pure  cultures  of  the  bacillus,  noting  whether  growth  was  delayed 
or  inhibited  by  exposure  to  heat,  and  further  determined  the  effect 
of  feeding  the  heated  milk  to  rabbits  and  swine.  The  essential  fea- 
tures of  his  results  (under  conditions  wliich  prevent  the  formation 
of  scum)  are  as  follows: 


Temperature  and  exposure. 

Result. 

60°,  15  minutes 

Prevented  tuberculosis  in  2  animals,  but  2  others  became 

slightly  tuberculous. 
Eflectuallv  prevented  tuberculosis. 

70°,  75°,  80°,  and  85° 

momentarily 

Do. 

Tuberculous  milk  from  diseased  udders  was  used  in  some  of  these 
experiments. 

Rabbits  receiying  one  30  c.  c.  feeding  of  milk  exposeil  for  two 
minutes  to  60°,  65°,  70°,  75°,  80°,  and  85°  remained  free  from  tubercle, 
although  controls  fed  with  raw  milk  became  tuberculous. 

Swine  fed  with  150  c.  c.  each  of  tuberculous  milk  heated  for  half  a 
minute  at  60°  became  tuberculous,  while  those  receiving  milk  heated 
to  70°,  75°,  and  80°  for  half  a  minute  remained  sound. 


«  Barthel,  Chr.,  and  Stenstrom,  O.:  Beitrag  ziir  Parage  des  Einflusses  holier  Tem- 
peraturen  auf  Tuberkelhacillen.     Cent.  f.  Bakt..  vol.  30,  1901.  p.  429. 

b  Bang:  Ueber  die  Abtodtung  der  Tuberkell)a(illen  bei  Wiirme.  Zeit.  f.  Tiermed., 
vol.  6,  1902,  p.  81. 
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From  these  results  Banp;  concludes  that  while  heating  at  60°  for 
fifteen  minutes  does  not  prevent  peritoneal  infection  it  weakens  the 
bacteria  so  that  they  are  innocuous  by  way  of  the  alimentary  tract. 

Concerning  liis  work  with  cultures,  it  is  interesting  to  note  that 
glycerin-bouillon  tubes  sowed  ^\•ith  particles  of  growth  from  a  young 
culture  failed  to  develop  any  growth  after  exposure  to  60°  and  65° 
for  five  minutes,  although  unheated  controls  grew  well.. 

Bang  did  not  report  results  at  60°  for  twenty  minutes. 

Tjaden,"  1903,  obtained  very  high  thermal  death  points  for  the 
tubercle  bacillus  and  concludes  that  85°  for  one  to  two  minutes  is 
necessary  to  kill  that  organism.  Bang  attributes  this  high  resistance 
to  the  coagula  which  formed  (hiring  some  of  the  experiments. 

Rullmann,^  1903,  in  a  preliminary  note,  says  that  he  can  not  agree 
with  those  observers  who  state  that  60°  for  fifteen  or  twenty  minutes 
kills  the  tubercle  bacilli  in  milk.  He  found  that  milk  infected  with 
tuberculous  sputum  exposed  to  65°  for  half  an  hour  "with  all  pre- 
cautions" still  caused  tuberculosis  when  injected  intraperitoneally 
into  guinea  pigs.  He  promises  a  full  report,  wdiich,  however,  we 
have  not  been  able  to  obtain. 

Barthel  and  Stenstrom,''  1904,  continue  their  experiments  relative 
to  the  effect  of  the  reaction  of  milk  upon  the  resistance  to  heat  of  the 
contained  tubercle  bacilli.  They  di\dded  into  two  portions  some 
tuberculous  milk;  one  portion  was  rendered  abnormally  acid, 
another  neutral  in  reaction.  The  neutral  milk  withstood  90°  without 
coagulation;  the  acid  milk  coagulated  at  60°. 

Results  with  80°:  One  minute  exposure  killed  in  uncoagulated 
milk,  but  not  in  coagulated,  i.  e.,  acid  milk. 

At  85°:  Momentary  exposure  failed  to  kill  in  either.  One  minute 
exposure  killed  in  uncoagulated  but  not  in  coagulated  milk. 

While  these  experiments  are  very  limited  in  scope,  they  at  least 
suggest  a  source  of  error  in  the  work  of  those  who  used  the  secretion 
of  tubercular  udders  in  their  experiments.  Such  material  is  prone  to 
be  abnormal  in  reaction,  and  protective  clots  may  have  been  formed. 

Sydney  Phillips,''  1904,  mentions  merely  that  the  results  obtained 
by  Russell  and  Hastings*  were  confirmed  by  Macfadyean  of  the 
Lister  Institute. 

«Tjad('n:  Abtodtuns;  dor  patliDi^cnt'ii  Ki'inio  in  dor  Molkcroimilch  diirch  Erhitzimg 
ohno  Schadiguntr  dor  Milch  uiid  Milchproducto.     Deut.  Med.  Woch..  1903.  p.  970. 

b  Rullman :  Ueber  die  AbtocUung  vdii  Tuberkelbacillon  in  orhitzer  Milch.  Miinch. 
med.  Woch.,  1903,  vol.  31.  p.  1:342. 

c  Barthel,  Chr.,  and  Stonstroni,  O. :  Wi'itore  Bcitrage  zur  Frace  des  Einflusses  hoher 
Temperatiiren  auf  Tuberkolbacilleii  in  dor  Milch.     Cent.  f.  Bakt.,  vol.  37, 1904,  p.  459. 

d  Phillips,  Sydney:  The  milk  supply  of  a  hospital;  American  method  of  sterilization. 
The  Hospital,  July  16,  1904. 

«  Russell  and  Hastings.  University  of  Wisconsin  Agricultural  Experiment  Station, 
17th  Ann.  Rep.,  1900. 
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Russell  and  Hastings,*^  1904,  had  worked  previously  from  the 
standpoint  of  a  comparatively  low  temperature,  60°  C.  They  now 
worked  from  the  standpoint  of  a  short  exposure,  such,  for  instance, 
as  is  available  in  a  continuous-action  pasteurizing  machine,  to  deter- 
mine how  low  a  temperature  could  be  safely  used  with  such  neces- 
sarily short  exposures.  Milk  infected  with  human  and  bovine  cul- 
tures of  kno\\Ti  origin  and  virulence  was  ex])osed  in  sealed  glass  tubes 
placed  in  a  water  bath.  It  took  three-fourths  of  a  minute  for  the 
contained  milk  to  reach  the  temperature  of  the  outside  water. 
Virulence  was  determined  upon  guinea  pigs  by  the  intraperitoneal 
method. 

Their  results  show  that  material  exposed  to  160°  F.  (71.1°  (\)  for 
one  minute  was  freed  of  living  tubercle  bacilli.  This  applietl  to  a 
very  virulent  bovine  strain  as  well  as  to  less  virulent  bovine  and 
human  strains.  The  authors  conclude  that  71.1°  C.  or  more  for  a 
period  of .  one  minute  suffices  to  destroy  the  vindence  of  bovine 
tubercle  cultures  so  that  the  disease  is  not  produced  in  guinea  pigs 
inoculated  wnth  amounts  of  the  cultures  ranging  from  2  to  5  milli- 
grams. As  definite  amounts  of  the  culture  had  been  added  to  the 
milk,  the  dosage  of  each  animal  could  be  approximated.  It  is  fair 
to  note  that  the  virulent  bovine  strain  produced  lesions  in  animals 
receiving  the  heated  milk,  which,  however,  were  justly  regarded  by 
the  authors  as  being  due  to  dead  bacteria,  since  animals  inoculated 
with  this  material  failed  to  develop  tuberculosis.  The  authors  do 
not  unreservedly  recommend  this  temperature  and  exposure  for 
routine  practical  pasteurization  ^^'ithout  further  investigation  under 
all  conditions. 

Schwellengroebel,^  1904,  shows  that  when  milk  is  pasteurized  in 
bottles  the  tubercle  bacilli,  if  present,  may  be  protected  against  the 
heat  by  (1)  the  rough  or  cracked  surface  of  the  rubber  washers  used 
by  some  dairymen  in  closing  the  bottles,  (2)  the  dried  layer  of  milk 
in  improperly  cleansed  bottles,  (3)  the  pellicle  formed  on  the  surface 
of  heated  milk,  and  (4)  the  foam  formed  in  the  same  way.  The  reme- 
dies are,  of  course,  sterilization  of  bottles,  washers,  etc.,  and  heating 
under  conditions  which  prevent  the  formation  of  foam  and  pellicle. 

Zelenski,*"  1906,  is  a  recent  advocate  of  higher  temperatures  in  the 
pasteurization  of  milk.  He  iinds  that  76°  for  ten,  lifteen,  or  twenty 
minutes  is  insufficient  to  kill  the  bacilli. 

a  Russell,  H.  L.,  and  Hastings,  E.  G. :  Effects  of  short  periods  of  exposure  to  heat 
on  tubercle  bacilli  in  milk.  University  of  Wiscon-^^in  Agricultural  Expt»riin(>nt  Sta- 
tion, 21st  Ann.  Rep.,  1904,  p.  178. 

&  Schwc'llengrobel,  M.:  Ueber  das  Pasteurisircn  dcr  Milcli.  ('cut.  f.  Hakt..  Abt.  2, 
vol.  12.  19t)4,  p.  440. 

cZclcnski:  Zur  Frage  der  Pasteurisation  dcr  Sauglingsmilch.  Jahrl).  f.  Kinder- 
heilkundo.  1906,  vol.  63,  3,  p.  288. 
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It  is  difficult,  if  not  impossible,  to  briefly  summarize  the  above 
work.     The  following  table  necessarily  leaves  out  many  factors: 

Table  No.  12. — Showing  the  thermal  death  point  of  the   tubercle  bacillus  as  found  by 

various  investigators. 


Investigator. 


Martin,  1882 

May,  1883 

Sormani,  1884 

Schill  and  Fisher,  1884. 
Voftlsch,  1887 


Yorsin,  1888, 
BittPr,  1890. 


Bang,  1891 . 


Bonhoff,  1892 

G  rancher    and    Ledeux-I^e- 
bard, 1892 


Forster,  1892 


Do  Man,  1893  ... 
Schroedcr,  1894. 


Woodhead,  1895. 


MarshaU,  1899.. 
Th.  Smith,  1899. 


Morgenroth,  1900. 

Kobnili,  UKX) 

Beclv,  1900 


Killed  at— 


Not  killed  at- 


By  cooking 

Boiling,  5  minutes. 


G0°,  10  minutes  ( —spores) 

60°,  10  minutes  (  + spores) 

68°,  20  minutes 

70°,  5  minutes  (enfeebles) 

60°,  5  minutes  (sometimes  enfeebles) . 

80°  (sometimes  kills) 

85°  (always  kills) 

60°,  20  minutes. 

60° 

70° 


for  10  minutes. 
',  l)oiIing  twice. 


ri0°,  60  minutes. 


5  minutes  (attenuates) . 
1  minute  (kills) 


0  hours 

momentary. 


4  hours 

1  hour 

15  minutes 

15  hours 

8  hours 

45  minutes 

45  minutes 

2.J  minutes 

20  minutes 

15  to  20  minutes. 


3  hours. 
45  minutes, 
raomentarv. 


\{iO°,  45  minutes. 


90°  (results  contradictory). 


60°,  10  minutes. 


3  hours. 

4  hours. 
3  hours. 


Galtier,  1900 

Bussell  and  Hastings,  1900  . . 

Herr,  1901 

Hesse,  1901 

Levy  and  Bruns,  1901 

Barthel  and  Stenstrom,  1901. 

Bang,  1902 

Tjaden,  1903 

Rullmann,  J903 

Barthel  and  Stenstrom,  1904. 
Uu.ssell  and  Hastings,  1904  .. 

Zelen.skI,  1906 

Rosenau,  1!)07 


10  minutes. 
,  momentary. 


30  minutes. 
6  minutes. 


(50°,  20  minutes 
65°,  15  minutes. 
60°,  20  minutes. 
65°,  15  minutes. 


. !  80°,  5  seconds. 


85°,  1  to  2  minutes 

65°,  30  minutes 

80°,  1  minute  (uncoagulated) . 
71°,  1  minute 


15  minutes. 
15  minutes. 


20  minut<>s. 

1  minute  (coagulated). 


76°.  20  minutes. 


60°,  20  minutes. 


The  above  tabular  statement  Shows  that  my  results  aijree  with  the 
work  of  Yersin,  BonhoiV,  Schroeder,  Th.  Smith.  Kussell  and  llastinjjs, 
and  Hesse  in  that  60°  for  twenty  minutes  is  suflicient  to  kill  the 
tubercle  bacillus. 

318Gi>— Bull.  42—08 4 


48 

BACILLUS   TYPHOSUS. 
REVIEW    OF    THE    WORK    OF    OTHERS. 

Sternberg,"  1888,  found  that  the  temperature  of  56°  C.  (138.8°  F.) 
for  ten  minutes  killed  the  Bacillus  typhi  ahdominalis.  Sternberg 
adopted  ten  minutes  as  the  standard  time  of  exposure  for  liis  experi- 
mental work  upon  the  thermal  death  point  of  a  long  list  of  micro- 
organisms. He  took  pains  to  insure  uniform  temperature  by  per- 
sonal attention  and  frequent  stirring  of  the  water  bath  with  a  glass 
rod.  The  micro-organisms  were  first  drawn  into  hermetically  sealed 
capillary  tubes  ^^■ith  expanded  extremities.  The  tubes  were  im- 
mersed in  a  water  bath,  maintained  at  the  desired  temperature,  for 
the  standard  time,  namely,  ten  minutes.  No  attempt  was  made  to 
fix  the  thermal  death  point  witliin  narrower  limits  than  2°  C. 

Pfuhl,''  1888,  placed  a  number  of  test  tubes  containing  a  bouillon 
culture  of  typhoid  bacilli  ^nth  spores  (?)  in  water  baths  at  50°  and 
60°  C.  for  ten,  twenty,  tliirty,  and  fifty  minutes.  All  the  50°  cultures 
retained  life  and  motility.  In  the  60°  bath  only  those  exposed  ten 
minutes  regularly  showed  movement  and  growth. 

Van  Geuns,''  1889,  determined  the  effect  upon  bacteria  of  momen- 
tary heating  to  temperatures  varA^ing  from  50°  to  80°  C.  and  imme- 
diate cooling.     He  used  four  methods : 

Method  1 :  Stock-broth  culture  of  the  organism  was  introduced 
into  10  per  cent  gelatin  tubes  with  a  platinum  loop.  Some  of  these 
inoculated  tubes  were  incubated  as  controls  and  the  others  placed  in  a 
water  bath  kept  at  a  constant  temperature.  The  control  with  ther- 
mometer in  a  gelatin  tube  showed  that  it  took  ninety  seconds  to  reach 
80°  C.  and  that  it  took  about  the  same  time  to  cool  the  tube  in  tap 
water  to  12°  C.  After  heating,  the  gelatin  tubes  were  incubated  at 
20°.  This  was  the  first  method  used  by  Van  Geuns  for  a  study  of 
the  common  organisms  in  milk. 

For  special  purposes  he  adopted  one  of  the  following  methods: 

Method  2:  Capillary  i)ipettes  were  filled  with  broth  cultures.  The 
capillary  tube  was  inserted  into  a  cork  along  with  a  thermometer  and 
both  immersed  into  a  test  tube  of  water,  which  in  turn  rested  in  a 
water  bath  at  boiling  temperature.  As  soon  as  the  re([uired  tem- 
perature in  the  tube  was  reached  it  was  removed  from  the  bath  and 
cooled.  The  capillary  tube  was  then  broken,  and.  with  a  needle, 
stabs  were  nuide  in  gelatin. 

a  Sternberg,  Manual  of  Bacteriology,  1892,  p.  146,  and  Report  of  the  Committee  on 
Disinfectants  of  the  American  Public  Health  Association.  1888,  pp.  136  and  152 
(p.  140). 

ftPfuhl:  ZurSporenbildunsxderTyphusbacillen.     Cent.  f.  Bakt.,  vol.4,  1888.  p. 771. 

c  Van  Geuns:  Uber  das  Pasteurisiren  von  Bakterien.  Ein  Beitrag^  zur  Biologie  der 
Microorganismen.     Arch.  f.  Hyg.,  vol.  9,  1889,  p.  369. 
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Method  3:  This  is  a  modification  of  method  No.  1.  The  test  tube, 
containing  broth  or  water,  with  a  thermometer  and  capillary  tube,  is 
put  into  a  water  bath  kept  at  temperature  of  the  tube  tested,  or  3  to 
5  degrees  higher. 

Method  4:  Capillary  tubes  and  the  thermometer  placed  in  a  small 
Erlenmyer  flask,  which  can  be  well  shaken.  The  fluid  in  the  flask 
was  accurately  maintained  at  a  constant  temperature  by  placing  the 
flask  in  a  small  water  bath,  which,  in  turn,  was  placed  in  a  larger  one 
and  a  thermoregulator  used  to  control  the  temperature  of  the  outer 
bath. 

Van  Geuns  concluded  that  the  thermal  death  points  based  on  the 
above  experiments  were  as  follows: 


Time  required  to  reach  temperature  stated. 

Cholerfi. 
(°C.) 

Typhoid. 
(°C.) 

1  minute 

59 
54 

60 

5  minutes 

56 

Lazarus,'^  1890,  used  20  liters  of  raw  market  milk  divided  into  small 
flasks;  these  he  inoculated  with  cholera  and  typhoid.  This  infected 
milk  was  then  run  through  a  small  Thiel's  continuous  pasteurizer  at 
the  rate  of  1  liter  per  forty  seconds.  The  temperatures  were  made  to 
vary  from  60°  to  96°  C.  in  the  different  experiments.  At  intervals  of 
one  to  two  minutes  samples  of  one-half  cubic  centimeter  w^ere  taken 
and  plated  on  fluid  gelatin.  At  70°  C.  living  typhoid  and  cholera 
were  found,  but  none  at  75°  C.  These  results  are  more  a  test  of  the 
efficiency  of  this  particular  pasteurizer  than  an  accurate  determina- 
tion of  the  thermal  death  points  of  the  micro-organisms  used. 

Janowski,''  1890,  inoculated  typhoid  bacilli  from  a  four-day  potato 
growth  into  gelatin  after  it  reached  the  temperature  to  be  tested.  At 
the  end  of  five  or  ten  minutes  roll  tubes  were  made.  He  found  those 
exposed  57°  for  five  minutes  always  remained  sterile.  Sometimes 
he  got  a  growth  at  56°  for  five  minutes,  and  once  at  56°  for  ten  min- 
utes. The  bacilli  were  not  put  into  the  gelatin  until  it  reached  the 
temperature  to  be  tested,  and  the  work  therefore  does  not  exactly 
imitate  the  conditions  of  pasteurization. 

Neisser,''  1895,  used  the  same  methods  as  von  Geuns.  The  temper- 
ature was  taken  from  a  control  tube  and  the  time  counted  from  the 
moment  the  tcmj)erature  reached  the  desired  degree.  Some  typhoid 
bacilli  resisted  three  minutes'  heating  at  60°  to  61.75°  C,  but  fifteen 
minutes'  heating  at  this  temperature  killed  all. 

"Lazarus,  A.:  Die  gcbrauchlicheren  ^fittcl  zur  Con8ervinin<;  dor  Milch.  Zeit.  f 
Hyg.,  vol.  8,  1890,  p.  235. 

ftjaiiowski:  Zur  Biologic  dt-r  Typhuybacilicn.     Ci-ut.  f.  Bakt.,  vol.  S.  1890.  p.  I(j7. 

c  Neisser,  Max:  Dampf-Dcsinfcction  und  Sterilisation  von  Brunnen  und  Bohr- 
lochern.     Zeit.  f.  Hyg.,  vol.  20,  1905,  p.  308. 
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Hesse,"  1900,  obtained  sterile  milk  directly  from  the  cow  by  the 
use  of  special  precautions  in  test  tubes,  and  inoculated  these  tubes 
with  cultures  of  typhoid,  cholera,  diphtheria,  and  plague.  They 
were  heated  to  60°  C.  for  fifteen  to  twenty  minutes  in  a  water  bath 
and  plated.  The  plates  remained  sterile.  Controls  gave  a  good 
growth.  No  record  is  given  of  the  effect  of  lower  temperatures  or 
shorter  times.  The  possible  effects  of  the  "germicidal"  power  of  the 
raw  milk  was  not  considered. 

Bassenge,*  1903,  made  about  fifty-two  determinations  of  the  effect 
of  various  temperatures  upon  typhoid  in  raw  milk.  He  used  large 
quantities  of  raw  milk — one-half  to  Ih  liters — to  which  had  been 
added  a  broth  culture  tube  of  typhoid.  The  work  was  done  in  iron, 
porcelain,  and  enamel-ware  vessel,  over  gas  and  coal  flames  of  vary- 
ing intensity.  The  milk  was  raised  from  room  temperature  to  the 
desired  point.  Bassenge  found  that  when  milk  was  raised  to  a 
temperature  of  60°  C.  in  from  five  to  ten  minutes  and  plates  made  on 
Conrad i-Drigalski  medium  no  typhoid  was  found.  When,  however, 
the  milk  was  raised  to  60°  C.  in  three  minutes,  typhoid  colonies  were 
present.  He  does  not  indicate  whether  the  degrees  reported  were  top 
or  bottom- temperatures.  His  figures  varied  slightly,  depending  upon 
the  composition  of  the  vessel  in  which  the  milk  was  heated. 

Friedel,Kutscher,  andMeinicke,^  1904,  working  inKoch's  laboratory 
under  Kolle's  direction,  found  that  the  t3'phoid,  paratyphoid,  and  en- 
tefitidis  group  of  bacilli  have  the  same  resistance  to  heat.  They  were 
all  killed  without  exception  when  the  temperature  of  the  milk  reached 
59°  C,  provided  ten  minutes  elapsed  from  the  beginning  of  the  heating 
until  this  temperature  was  reached. 

These  experiments  were  made  by  previously  heating  one-half  to  1 
liter  of  milk  to  100°  in  an  Erlenmeyer  flask  and  after  this  cooled 
inoculating  it  with  10  c.  c.  of  a  fresh  twenty-four  hour  bouillon  cul- 
ture. The  flasks  were  then  set  in  a  large  kettle  of  hot  water  and 
precautions  taken  to  obtain  an  equable  distribution  of  heat.  It 
required  ten  minutes  to  heat  this  quantity  of  milk  from  15°  to  60°  C. 
At  intervals  of  one  minute  5  c.  c.  were  taken  with  a  sterile  ])ipette  and 
added  to  50  c.  c.  of  bouillon,  incubateil  twenty-four  hours,  ami  then 
plated  upon  agar. 

A  review  of  the  literature  upon  the  viability  of  the  typhoid  bacillus, 
with  especial  reference  to  its  thermal  death  point,  will  be  found  in 
Hyg.  Rundschau,  vol.  14,  1904,  p.  353,  by  Ina  Rosquit,  and  Zeit.  f. 
Hyg.,  vol.  20,  1895,  p.  308,  by  Max  Neisser. 

« Hesse,  W.:  Ueber  das  Verhalten  pathogeuen  Mikroorganismeii  iu  pastourisirter 
Milch.     Zeit.  f.  Hyg.,  vol.  34,  1900,  p.  346. 

b  Bassenge,  R. :  Ueber  das  Verhalten  der  Typhusbazillcn  in  der  Milch  iiud  deren 
Produkten.     Deut.  med.  Woch.,  vol.  29,  1903.  p.  2(54. 

f  Friedel,  Kutscher,  and  Meinicke:  Die  Widerstandfahigkeit  der  Erreger  der 
wichtigsten  Darmkrankheiten  gegen  Erwarmen  auf  verschiedene  Temperaturen  in 
Milch.     Klin.  Jahrb.,  vol.  13,  1904-5.  p.  324. 
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ORIGINAL    EXPERIMENTS. 

In  the  following  work  I  used  nine  different  strains  of  typhoid  bacillL 
The  results  w^ere  as  follows: 

Experiment  No.  1. 

B.  typhosus. 

Forty-eight  hours'  growth  in  sterilized  milk.     Milk  immersed  in  constant-temper- 
ature water  bath  at  60°  C. 


Milk  culture. 


Temper- 
ature 

(°C.). 


Loop  of  milk  cul- 
ture in  bouillon. 


'Dawson"  culture;  reaction,  0.21fi  per  cent  acid: 

At  start 

IJ  minutes  after  immersion 

2i  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  immersion 

'P.  I."  culture;  reaction,  0.207  percent  acid: 

At  start 

IJ  minutes  after  immersion 

2\  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  immersion 

'  P.  I."  culture;  reaction,  0.198  per  cent  acid: 

At  start 

U  minutes  after  immersion 

2i  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  immersion 

'McF."  culture;  reaction,  0.225  per  cent  acid: 

At  start. 

IJ  minutes  after  immersion. 

21  minutes  after  immersion . 

4  minutes  after  immersion . 

5  minutes  after  immersion . 
'Smith"  culture;  reaction,  0.198  percent  acid: 

At  start. 

IJ  minutes  after  immersion 

2\  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  immersion 

'Hay"  culture;  reaction,  0.234  per  cent  acid: 

At  start 

IJ  minutes  after  immersion 

2}  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  inmiersion 

'Stock"  culture;  reaction,  0.171  percent  acid: 

At  start 

IJ  minutes  after  immersion 

2i  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  immersion 


29 
55 

58 
60 

(°) 

29 
55 

58 
60 

C) 


Growth. 

Do. 

Do. 
No  growth. 

Do. 

Growth. 

Do. 

Do. 
No  growth. 
Growth.  i> 


a  One  minute  at  00° 


fcContainiikited. 


29 

Growth. 

55 

Do. 

58 

No  growth. 

60 

Do. 

(") 

Do. 

29 

Growth. 

55 

Do. 

58 

Do.= 

60 

No  growth. 

(a) 

Do. 

29 

Growth. 

55 

Do. 

58 

Do. 

60 

No  growth. 

C) 

Do. 

29 

Growth. 

55 

Do. 

58 

Do. 

60 

No  growth. 

(<■) 

•            Do. 

29 

Growth. 

55 

Do. 

58 

No  growth.- 

60 

Do. 

(«> 

Do. 

<•] 

Delayed. 

52 


Experiment  No.  l-^Continued. 


Milk  culture. 


^a^u?/   |Loopofmilkcul- 
?op  .         tare  in  boullion. 


■Chicago'"  culture;  reaction,  0.225  per  cent  acid: 

At  start 

U  minutes  after  immersion 

2i  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  immersion 


29 

Growth. 

55 

Do. 

58 

No  growth 

60 

Do. 

C) 

Do. 

n  One  minute  at  60° 


EXPEUIMEXT  Xo.   2. 

B.  typhosus. 

Culture,  "Hopkins;"  forty-eight  liours'  growth  in  sterilized  milk.     Reaction,  0.28 
per  cent  acid. 
The  milk  at  31.5°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  culture.. 

Temperature  C^C-...    ^^-P^JbtS.- 

Number  of 
colonies 
per  loop 
in  agar. 

At  start 

31.5        .             .              Growth. 

70.  r>oo 

1 J  minutes  after  immersion. ..                           .   . 

55 do.. 

25.000 

1|  minutes  after  immersion. 

56 

57 Growth 

10, 140 

58 do 

1,780 

2'.  minutes  after  immersion 

59 do 

121 

3|  minutes  after  immersion 

60 No  growth 

1  minute  at  60                       do 

1 

4^  minutes  after  immersion                            .   . 

None. 

5?  minutes  after  immersion 

2  minutes  at  60 do 

None. 

5?  minifies  after  immersion. 

3  minutes  at  60 .        ...do 

None. 

6i  minutes  after  immersion 

4  minutes  at  60 ...do.. 

None. 

None. 

Experiment  No.  3. 

B.  typhosus. 

Culture,  "P.  I.;"  I'orly-uight  hours'  growth  in  sterilized  milk.     Reaction,  0.198  per 
cent  acid. 
Milk  at  29°  C.  immersed  in  constant- temperature  water  bath  at  60°  C. 


Milk  culture. 

Temperature  (°  C. ) . 

Loop  of  milk  cul- 
ture in  bouillon. 

Number  of 
colonies 
per  loop 
magar. 

At  start                          .                    .  . 

29                            .  .  . 

Growth 

(,") 

li  minutes  after  immersicM.. .             ... 

55                          

do 

24 

2 J  minutes  after  immersion 

58 

No  growth 

do 

Lost. 

60 

None. 

1  minute  at  60 

do 

None. 

!  Innumerable. 
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Experiment  No.  4. 

B.  typhosus. 

Culture,  "Hopkins;"  twenty-four  hours'  growth  in  sterilized  milk.     Reaction,  0.27 
percent  acid. 

The  milk  at  27°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


1 

1 

Milk  culture.                                   Temperature  (,°  C). 

'  Number  of 
Loop  of  milk  eul-       colonies 
ture  in  bouillon.       per  loop 
in  agar. 

At  start 

27 

50 

55 

58 - 

59 

60 

2  minutes  at  60 

4  minutes  at  60 

Growth. 

0  40,000 

do 

0  40,800 

do 

0  40,600 

do 

2,400 

do 

360 

do 

12 

No  growth 

do 

None. 

None. 

do 

None. 

8  minutes  at  60 

10  minutes  at  60 

do 

None. 

14  minutes  after  immersion    

do 

None. 

Expkkim?:nt  Xo.  5. 


B.  tiiphosi's. 


Twenty-four  hours'  growth  in  i^tcrilized  milk.     Milk  at  28°  C.  immersed  in  constant- 
temperature  water  bath  at  fiO°  (". 


Milk  culture. 


Temperature  (°  C). 


Loop  of  milk  cul- 
ture in  bouillon. 


'Stock"  culture;  reaction,  0.162  i)ercent  acid:' 

At  start ^ 

2\  minutes  after  immersion 

3  minutes  after  immersion 

4  minutes  after  immersion 

5  minutes  after  immersion 

6  minutes  after  immersion 

'Ilay"  culture;  reaction,  0.126  per  cent  acid: 

At  start 

2i  minutes  after  immersion 

3  minutes  after  immersion 

4  minutes  after  immersion 60 

5  minutes  after  immersion 1  minute  at  60. 

6  minutes  after  immersion 2  minutes  at  60 


28 '  Growth. 

58 No  growth. 


59 

60 

ITrJnuteat  60... 
2  minutes  at  60  , 

28 

58 

59 


Do. 
Do. 
Do. 
Do. 

Growth. 
No  growth. 

Do. 

Do. 

Do. 

Do. 
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Experiment  No.  G. 
B.  typhosus. 

Culture, "Hay;"  forty-eight  hours'  growth  in  sterilized  niilk.     Reaction,  0.1fi2  per 
cent  acid.  ' 

The  mUk  at  24°  C.  immersed  in  const  ant -temperature  water  bath  at  60°  C. 


Milk  culture. 


Temperature  (°  C). 


Jc.  c.  milk  culture 
in  bouillon. 


At  start. . 
1\  minutes 
1|  minutes 
2i  minutes 
3\  minutes 
4\  minutes 
5i  minutes 
&i  minutes 
7J  minutes 
8i  minutes 


after  immersion 50 

after  immersion 55 

after  immersion 58 

after  immersion 60 

after  imniersion !  1  minute  at  60 Xo  growth 


24 Growth. 

Do. 

Do. 

Do. 

Do. 


after  inmiersion I  2  minutes  at  60. 

after  immersion 3  minutes  at  60. 

after  immersion 4  minutes  at  60 . 

after  immersion 5  minutes  at  60 . 


Do. 
Do. 
Do. 
Do. 


Experiment  No.  7. 

B.  typhosus. 

Culture,  " Chicago: ■■  forty-eight  hoiu's'  gro\vth  in  sterilized  milk.     Reaction,  0.171 
per  cent  acid.  • 

The  milk  at  24°  C.  immersed  in  constant -temperature  water  bath  at  (iO°  C. 


Milk  culture. 


Temperature  (°  C). 


At  start... 
IJ  minutes 
IJ  minutes 
2J  minutes 
2J  minutes 
3J  minutes 
4J  minutes 
5J  minutes 
65  minutes 
7J  minutes 


24 Growth 


after  immersion 50. 

after  immersion 55. 

after  imjnersion 58. 

after  immersion '60. 


J  c.  c.  milk  culture 
in  bouillon. 


Do. 
Do. 
Do. 
Do. 


after  immersion 1  minute  at  60 No  growth. 

after  immersion 2  minutes  at  (iO Do. 

after  iimner.sion '  3  minutes  at  (W Do. 

after  immersion ■  4  minutes  at  60 '  Do. 

after  immersion T. 5  minutes  at  60 Do. 


EXPEHIME.NT    Xo.  8. 

B.  typhosus. 

Culture,  "Hopkins;"  forty-eight  houi-s'  growth  in  sterilized  milk.     Reaction,  0.153 
per  cent  acid. 

The  milk  at  24°  C.  immersed  in  constant-tein])eralure  water  l)ath  at  60°  (". 


Milk  culture. 


At  start 

H  minutes  after  immersion 
13  minutes  after  immersion 
2J  minutes  after  immersion 
2}  minutes  after  immersion 
3i  minutes  after  immersion 


Temperature  ("  (■.). 


24 

50 

55 

58 

60 

1  minute  at  60 


J  c.  c.  milk  culture 
in  bouillon. 


Growth. 
Do. 
Do. 
Do. 
Do. 
Do. 
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Experiment  Xo.  8 — Continued. 


Milk  culture. 

Temperature  (°C.). 

J  c.  e.  milk  culture 
in  bouillon. 

2  minutes  at  60 No  growth. 

3  minutes  at  60 Do. 

4  minutes  at  60 Do. 

7J  minutes  after  immersion 

5  minutes  at  60 Do. 

Experiment  No.  9. 

B.  typhosus. 

Culture,  "P.  I.;"  forty-eight  hours'  growth  in  sterilized  milk.     Reaction,  0.153 per 
cent  acid. 

The  milk  at  24°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  culture. 


Temperature  (°  C). 


J  c.  c.  milk  culture 
in  bouillon. 


At  start 

1 J  minutes  after  immersion 

1 J  minutes  after  immersion 

2\  minutes  after  immersion 

3i  minutes  after  immersion. 

A\  minutes  after  immersion 

5J  minutes  after  immersion jt. 

6J  minutes  after  immersion 

7J  minutes  after  immersion 

8i  minutes  after  immersion 


24. 

Growth. 

50 

Do. 

55 

Do. 

58 

Do. 

60 

No  growth 
Do. 

1  minute  at  60 

2  minutes  at  60 

Do. 

3  minutes  at  60 

Do. 

4  minutes  at  60 

Do. 

5  minutes  at  60 

Do. 

Experiment  No.  10. 

B.  typhosus. 

Culture,   "Smith;"  forty-eight  lumrs'  growth  in  sterilized  milk.     Reaction,  0.162 
per  cent  acid. 

The  milk  at  24°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  culture. 

Temperature  (°  C). 

J  c.  c.  milk  culture 
in  l)ouillon. 

At  start 

24 Growth. 

IJ  mintit<'s  after  immersion.  . 

50.                                             Do 

1 J  minutes  after  immersion 

55                                    1          Do. 

2J  minutes  nfter  immersinn 

58 '          Do. 

SJ  minutes  after  immersion 

60 '          Do. 

4J  minutes  after  immersion 

1  minute  at  60 No  growth. 

2  minutes  at  60                       Do 

.") J  minutes  after  immersion 

6J  minutes  after  immersion 

3  minutes  at  60                       Do. 

8J  minute's  after  immersion. 

5  minutes  at  60 Do, 
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Experiment  No.  11. 

B.  typhosus. 

■    Culture,  "Hopkins;"  forty-eight  hours'  growth  in  whole  milk  that  had  been  steril- 
ized by  the  fractional  process  three  days.     Reaction.  0.252  per  cent  acid. 
The  milk  at  21°  C.  immersed  in  constant-temperature  water  bath  at  60°  (\ 


Milk  culture. 


Temperature  (°  C). 


1  c.  c.  milk  culture 
ia  bouillon. 


At  start 

2  minutes  after  immersion. 

2J  minutes  after  immersion. J  57 

3  minutes  after  immersion 

4J  minutes  after  immersion. 

5J  minutes  after  immersion. 

6i  minutes  after  immersion. 

7J  minutes  after  immersion. 

9\  minutes  after  immersion. 

14J  minutes  after  immersion 


21 Growth. 

55 1  Do. 

I  Do. 

59 1  Do. 

60 !  Do. 

1  minute  at  60 j  No  growth. 

2  minutes  at  60 Do. 

3  minutes  at  60 Do. 

5  minutes  at  60 Do. 

10  minutes  at  60 1  Do. 


Experiment  No.12. 

B.  typhosus. 

Culture,  "P.  I.:"  forty-eight  hours'  growth  in  whole  mUk  that  had  been  sterilized 
by  the  fractional  process  three  days.     Reaction,  0.288  per  cent  acid. 
The  milk  at  21°  C.  immersed  in  con|bant-temperature  water. bath  at  (iO°  ('. 


Milk  culture. 


At  start 

1*  minutes  after  immersion. . 
2  minutes  after  immersion. . . 
2|  minutes  after  immersion. . 
3§  minutes  after  immersion. . 
4§  minutes  after  immersion., 
5§  minutes  after  immersion. 
G^  minutes  after  immersion. 
83  minutes  after  immersion. 
13§  minutes  after  immersion 


Temperature  (°  C.) 


21 

55 

57 

59 

■GO 

1  minute  at  60.. 

2  minutes  at  60. 

3  minutes  at  60. 
5  minutes  at  60. 
10  minutes  at  60 


1  c.  c.  milk  culture 
in  bouillon. 


Growth. 

Do. 

Do. 

Do. 

Do. 
No  growth. 

Do. 

Do. 

Do. 

Do. 


Conclusion. — The  evidence  is  plain  that  milk  hoatod  to  60°  C. 
and  maintained  at  that  point  for  two  minutes  wdll  kill  the  typhoid 
bacillus.  The  great  majority  of  these  orjjjanisms  are  killed  by  the 
time  the  temperature  reaches  59°  C.  and  few  sur^^ve  to  60°  C. 

BACILLUS   DIPHTHERIiE. 

A, 

REVIEW    OF    THE    WORK    OF    OTHERS. 

Welch  and  Abbott,''  1891,  tested  the  thermal  death  point  of  the 
diphtheria  bacillus  upon  bouillon  cultures  and  susj)ensi()ns,  in  ster- 
lized  salt  solution,  in  capillary  glass  tubes,  and  found  that  the  bacillus 

«  Welch  and  Abbott:  The  etiology  of  diphtheria.  Johns  Hopkins  Hospital  Bull., 
vol.  2,  1892. 
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is  killed  at   a  temperature  of  58°  C.  in   ten  minutes.     Details  not 
stated. 

Sternberg"   1892,  quotes    Loffler  to  the  effect   that  the  thermal 
death  point  of  the  bacillus  of  diphtheria  is  60°  C. 


ORIGINAL    EXPERIMENTS. 

In  my  work  I  used  Park's  bacillus  No.  8,  which  is  a  strong  toxine 
producer  and  virulent  for  laboratory  animals.     My  results  follow: 

Experiment  Xo.  1:5. 

B.  diphtherise. 

Culture,  "Park,  No.  8;"  twenty-four  hcjurs  growth  in  sterilized  milk.     Reaction  of 
milk,  0.108  per  cent  acid. 

The  milk  at  .32°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  culture. 

Temperature  (°  C). 

Loop  of  milk  cul- 
ture in  bouillon. 

Number  of 
colonies  per 
loop  in  glyc- 
erin agar. 

At  start                                                     

32 

Growth 

1,240 

50 

57 

59 

No  growth 

do 

None. 

None. 

3J  minutes  after  immersion 

do 

None. 

60 

1  minute  at  60 

do 

oh  minutes  after  immersion : 

.do 

None. 

Experiment  Xo.  14. 
B.  diphtheria;. 

Culture.  "Park,  No.  8;"  twenty-four  hours  gro%vth  in  sterilized  milk.     Reaction  of 
milk,  0.108  per  cent  acid. 

The  milk  at  31.5°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  culture. 

Temperature  (°C.). 

Number  of 

Loop  of  milk  cul-  colonies  per 

ture  in  bouillon,    loopinglyc- 

i  erin  agar. 

At  start 

li  minutes  after  immersion 

2  minutes  after  inmiersion 

2J  minutes  after  immersion 

3  minutes  after  ininn^rsion 

4  minutes  after  immersion 

31.5 

55 

57 

59 

60 

1  minute  at  60 

Growth 1,800 

No  growth None. 

do None. 

do None. 

do None. 

do None. 

1 

o  Sternberg:  Manual  of  bacteriology,  1892,  p.  148;  also,  American  Public  Health  Association,  com- 
mittee on  disinfectants,  p.  152. 
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Experiment  No.  15. 

B.  diphtheriae. 

Culture,  "Park";   forty-eight  hours'  growth  in  sterilized  milk.     Reaction,  0.153 
per  cent  acid. 

The  nailk  at  28°  C.  immersed  in  constant-temperature  water  bath  at  55°  C. 


Milk  culture. 


Temper- 
ature 
(°C.). 


Loop  of  milk  cul- 
ture in  bouillon. 


Number 
of  colo- 
nies per 
loop  in 
agar. 


At  start 

IJ  minutes  after  immersion 
IJ  minutes  after  immersion 
If  minutes  after  immersion 
2  minutes  after  immersion. 
2J  minutes  after  immersion 
2J  minutes  after  immersion 
2J  minutes  after  immersion 
3i  minutes  after  immersion 


Growth 

do 

do.  a 

do.a 

No  growth . 

do 

do 

do 

do 


3.150 

1,890 

619 

26 

None. 

None. 

None. 

None. 

None. 


a  Delayed. 


6  Contaminated. 


Experiment  No,.  16. 

B.  diphtheriae. 

Culture,  "Park,  No.  8;"  fifty-two  hours'  growth  in  sterilized  milk. 
Milk  at  28°  C.  immersed  in  constant-temperature  water  bath  at  60°  C 
Three  test-tube  cultures  tested  by  planting  a  loop  over  into  bouillon. 


Temper- 
ature 
(°C.). 

Loop  of  milk  culture  in  bouillon. 

Milk  culture. 

Reaction,  0.171 
per  cent  acid. 

Reaction,  0.135 
per  cent  acid. 

Reaction.  0.135 
per  cent  acid. 

At  start           

28.5 

50 

55 

58 

60 

C) 

Growth 

Growth 

Growth. 

No  growth 

do 

No  growth 

do 

No  growth. 

do 

Do. 

do  ... 

do 

Do. 

..do 

do 

Do. 

a  One  minute  at  60°. 
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Experiment  Xo.  17. 

B.  diphtherias. 

Culture,   "Park,  No.   8;"  forty-eight  hours'  growth  in  sterilized  milk.     Reaction 
of  milk,  0.162  per  cent  acid. 

The  milk  at  25°  C.  immersed  in  constant-temperature  water  bath  at  55°  C. 


Milk  culture. 

Temperature  (°C.)- 

Loop  of  milk  cul- 
ture in  bouillon. 

25 

Growth. 

45 

Do. 

50 

No  growth. 

51 

Do. 

52.... 

Do. 

53 

Do. 

54 

Do. 

55 

Do. 

1  minute  at  55 

2  minutes  at  55 

3  minutes  at  55 

Do. 

Do. 

Do. 

Experiment  No.  18. 

B.  diphtheria;. 

Culture,  "'Park,  No.  8;"  seventy-two  hours'  growth  in  sterilized  milk.     Reaction 
of  milk,  0.135  per  cent  acid. 

The  milk  at  30°  C.  immersed  in  constant-temperature  water  bath  at  55°  C. 


Milk  culture. 


Temper-      About  §  c.  c.  of 
ature       milk  culture  into 
(°C.).  bouillon. 


Loop  of  miUc  culture  in 
in  bullion. 


At  start 

IJ  minutis  after  immersion 
IJ  minutes  after  immersion 
1}  minutes  after  immersion 
2  minutes  after  immersion. 
2§  minutes  after  immersion 
2J  minutes  after  immersion 
4  minutes  after  immersion . 
5i  minutes  after  immersion 


Growth Growth. 


.do. 
.do. 
.do. 
.do. 
.do. 


Do. 
Growth,  delayed. 
Growth,  small,  delayed. 
Growth,  delayed. 
Growth,  small,  delayed. 


do No  growth. 

Growth,  delayed. .  Do. 
do i         Do. 


This  experiment  demonstrates  the  different  results  obtained   by  carrying  over 
large  and  small  quantities  of  the  test  fluid. 
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Experiment  Xo.  19. 

B.  diphtheriae. 

Culture.    'Park:"  forty-eight  hours'  growth  in  sterilized  milk.     Reaction,  0.09  per       | 
cent  acid.  * 

The  milk  at  24°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  culture. 


Temperature  (°  C). 


At  start 24 

li  minutes  after  immersioD 45 

li  minutes  after  immersion 50 .,. . 

1|  minutes  after  immersion 53 

2J  minutes  after  immersion 55 

2J  minutes  after  immersion 56 

2^  minutes  after  immersion 58 

4  minutes  after  immersion '  60 

5  minutes  after  immersion 1  minute  at  60  . . 

6  minutes  after  immersion \  2  minutes  at  60. 


J  c.  c.  milk  cul- 
ture in  bouillon. 


Growth. 

Do. 

Do. 

Do. 

Do. 

Do. 
Growth,  small. 

Do. 
No  growth. 

Do. 


Experiment  Xo.  20. 

B.  diphtheriae.  • 

Culture,  "Park,  Xo.  8;"  seventy-two  hours'  growth  in  sterilized  milk.     Reaction 
of  milk,  0.18  per  cent  acid. 

The  milk  at  24°  C.  immersed  in  constant-temperature  water  bath  at  55°  C. 


Milk  culture. 


Temperature  ("  C). 


0.5  c.  c.  milk  cul- 
ture in  bouillon. 


At  start 24 Growth. 

1}  minutes  after  immersion 45 '         Do. 

IJ  minutes  after  immersion j  50 j  Do. 

2  minutes  after  immersion 55 ,  Do. 

2J  minutes  after  immersion 57 No  growth. 


3  minutes  after  immersion 58 

3J  minutes  after  immersion 50 

4J  minutes  after  immersion 60 

5J  minutes  after  immersion j  1  minute  at  60  . . 

6J  minutes  after  inunersion I  2  minutes  at  60  . 


Do. 
Do. 
Do. 
Do. 
Do. 
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Experiment  No.  21. 

B.  diphtheriae. 

Culture,  "Park,  No.  8;"  seventy-two  hours'  growth  in  sterilized  milk.     Reaction 
of  milk,  0.18  per  cent  acid.  ♦< 

The  milk  at  24°  C.  immersed  in  constant-temperature  water  ])ath  at  55°  C. 


Milk  culture. 


'^Sr      0.5  C.C.  milk  cul- 
,o  c  )        ti^e  in  bouillon. 


At  start 24 

li  minutes  after  immersion !  45 

1 J  minute.s  after  immersion 50 

2i  minutes  after  immersion 55 

2}  minutes  after  immersion '  57 

3J  minutes  after  immersion |  58 

4  minutes  after  immersion j  59 

5J  minutes  after  immersion 60 

6J  minutes  after  immersion |  60. 4 

7i  minutes  after  immersion '  60. 5 


Growth. 

Do. 

Do. 

Do. 
No  growth. 

Do. 

Do. 

Do. 

Do. 

Do. 


Experiment  No.  22. 
B.  diphtheriae . 

Culture,   "Park,  No.  8;"  forty-eight  hours'  growth  in  whole  milk  that  had  been 
sterilized  by  the  fractional  method  three  days.     Reaction,  0.216  per  cent  acid. 
The  milk  at  21°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  culture. 


At  start 

IJ  minutes  after  immersion 
2  minutes  after  immersion. 
2i  minutes  after  immersion 
2J  minutes  after  immersion 
3J  minutes  after  immersion 

5  minutes  after  immersion . 

6  minutes  after  immersion . 

7  minutes  after  immersion . 

8  minutes  after  immersion . 


Temperature  (°  C). 


1  e.  c.  milk  cul- 
ture in  bouiUon. 


21 1  Growth. 

50 j  Do. 

53 1  Do. 

55 i  No  growth. 

57 Do. 

59 Do. 

60 Do. 

1  minute  at  60 Do. 

2  minutes  at  GO Do. 

3  minutes  at  60 Do. 


Conclusion. — The  (liplitheria  bacilli  succumb  at  comparatively  low 
temperatures.  Oftentimes  they  fail  to  grow  after  heating  to  55°  C. 
Some  occasionally  survive  until  the  milk  reaches  60°  C. 
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VIBRIO  CHOLERiE. 
REVIEW    OF    THE    WORK    OF    OTHERS. 

On  account  of  its  acid  reaction  milk  is  not  a  suitable  medium  for 
cholera. 

Van  Geuns,"  1889,  showed  that  59°  C.  for  one  minute,  or  5-4°  for 
five  minutes,  was  ample  to  kill  Koch's  comma  bacillus. 

Sternberg,''  1888,  found  that  a  temperature  of  52°  C.  (125.6°  F.) 
was  sufficient  to  kill  the  SpiriUum  cholerse  Asiaticse.  For  details  of 
Sternberg's  technique  see  page  48. 

Kitasato,''  1889,  tested  the  thermal  death  point  of  the  cholera 
l^acillus  in  gelatin  and  found  that  it  required  60°  C.  for  ten  minutes 
to  kill  this  organism  with  certainty,  although  sometimes  it  dies  at 
50°  for  fifteen  minutes  or  55°  for  ten  minutes.  Kitasato  used  eight 
•different  cultures  and  made  a  number  of  experiments,  the  results  of 
which  are  brought  together  in  the  following  table: 


III. 


VI. 


VIII. 


IX. 


XII. 


XIV. 


50°  C, 
50°  C, 
50°  C, 
.55°  C, 
55°  C, 
.55°  C, 
•60°  C, 
■60°  C, 
<65°  C, 


5  minutes. . 
10  minutes. 
15  minutes. 
5  minutes. . 
10  minutes. 
15  minutes. 
5  minutes. . 
10  minutes. 
5  minutes. . 


The  method  used  bv  Kitasato  was  first  to  transfer  a  platinum  loop 
of  the  culture  into  a  test  tube  containing  gelatin  which  had  previously 
been  melted.  This  tube  was  then  introduced  into  a  water  bath 
which  had  been  brought  up  to  the  temperature  required.  After  the 
time  stated,  the  gelatin  tubes  were  rolled  and  incubated  at  20°  to 
22°  C.  Kitasato  found  no  difference  between  old  and  young  cul- 
tures of  cholera  so  far  as  their  resistance  to  heat  was  concerned,  and 
further  concluded  that  no  material  difference  was  eviilent  so  far  as 
the  resistance  of  cholera  cultures  are  concerned  against  tempera- 
tures of  50°  to  60°. 


''Van  Geuns:  Uber  des  Pasteurisiren  von  Bakterien.  Ein  Beitrag  zur  Biologie 
•der  Mioroorganismen.     Arch.  f.  Hyg.,  vol.  9,  1889,  p.  3G9. 

f*  Sternhero::  Manual  of  Bacteriology,  1892,  p.  146,  and  Report  of  the  Committee 
•on  Disinfectants  of  the  American  Public  Health  Association,  pp.  136,  152. 

(■  Kitasato,  S.:  Die  Widerstandsfahigkeit  der  Cholerabacterien  gegen  das  Eintrock- 
nen  und  gegen  Hitze.     Zeit.  f.  Hyg.,  vol.  5,  1889,  p.  135. 


PViedel,  Kutsclier,  and  Moiiiicke,"  1904,  found  that  the  cholera 
vibrio  was  not  killed  when  the  temperature  reached  oS°,  but  was 
dead  as  soon  as  60°  was  reached.  It  required  seven  to  eight  minutes 
for  the  milk  to  reach  60°. 

These  experiments  with  the  cholera  organism  were  conducted  with 
and  without  the  enrichment  methods.  The  enrichment  methods 
consist  of  first  planting  a  milk  culture  in  peptone  water,  incubating 
twenty-four  hours,  and  then  plating  into  litmus-lactose-agar.  With 
the  enrichment  method  it  was  found  that  cholera  withstood  sixty 
minutes  at  50°,  but  only  twenty-iive  minutes  without  the  enrichment 
method.  At  53°  it  withstood  forty  minutes  with  and  fifteen  minutes 
without  the  enrichment  metliod. 

OHKJIXAL    EXPERIMENTS. 

In  my  \\()rk  I  used  three  different  cultures  with  the  following  results: 

Experiment  Xo.  23. 

B.  rholerx. 

Forty-eight  hours'  growth  in  sterilized  milk.  Milk  at  28°  ("".  immersed  in  constant- 
teniperature  water  bath  at  55°  C. 


Milk  culture. 


"^Z^rl"    Loop  of  milk  cul- 
("C)         tiirein.loiiillon. 


"Manila;"  reaction,  0.180  percent  acM: 

At  start 

1\  minutes  after  immersion 

I3  miniit(!s  after  immersion 

1 J  minutes  after  immersion 

2  minutes  after  immersion 

'2\  minutes  after  immersion 

2J  minutes  after  immersion 

3  minutes  after  immersion 

33  minutes  after  immersion 

"Hamburg;"  reaction,  0.229  percent  mu 

At  start 

U  minutes  after  immersion 

I3  minutes  after  immersion 

I'i  minutes  after  immersion 

2  minutes  after  immersion 

21  minutes  after  immersion 

2J  minutes  after  inunersion 

3  minutes  after  immersion 

3^  minutes  after  immersion 


28 
4=) 

Growth 

.....do 

48 
VI 

No  growth 

do      . 

il 

do 

.    .   do 

".< 

do 

-A 

2S 
4t 

do 

.....do 

CJrriwth 

do     . 

48 
tO 

No  growth 

do 

■il 

do 

'P 

do   ... 

W 

do 

M 

do 

.Vi 

do 

Numlier 
of  colo- 
nies per 
loop  in 
agar. 


450,000 
3,750 
(•10 

None. 

None. 

None. 

None. 

None. 

None. 

87.500 
144 
(.4 

None. 
None. 
None 
None. 
None. 
None. 


n  Friedel,  Kutscher.  and  Meinickn:   Die  Widerstandsfahigkeit 

krankheiten  gegen  Erwarnieii  auf  vcrschiedene  T<  inperaturen  In 
p.  324. 
''Contaminated. 


der  Erreger  der  wichtigsten  Darm- 
Milch.    Klin.  Jahrh..  vol.  13.  1904-a'). 


318G5— Bull.   \1 
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Experiment  Ko.  24. 

B.  cholera. 

Three  days'  growth  in  sterilized  milk.     Milk  at  28°  C.  immersed  in  constant-tem- 
perature water  bath  at  60°  C. 


Milk  culture. 


'Manila;"  reaction,  0.219  percent  acid: 

At  start 

11  minutes  after  immersion 

2  minutes  after  immersion 

3  minutes  after  immersion 

h\  minutes  after  immersion 

'  Paris;"  reaction,  0.189  per  cent  acid : 

At  start 

li  minutes  after  immersion 

2  minutes  after  immersion 

3  minutes  after  immersion 

5i  minutes  after  immersion 


Xumlier 


"^S"    Loop  of  milk- cut      «f<^o>« 


(°C.). 


ture  in  bouillon.       ^^^^^^l 
agar. 


28     Growth 

50     (Lost) 

55     No  growth . 

58  ' do 

GO  I do 


2s     Growth 

50-    No  growth. 

55    do 

58    do 

to    ilo 


(-«) 


None. 
Noi'.e. 


None. 
None. 


nlntuimerablp. 


EXPEKIMKNT    X(>.   2o. 

Culture,  "Hamburg;"  seventy-two  hours'  growth  in  sterilized  milk.     Reaction  of 
milk,  0.216  per  cent  acid. 

The  milk  at  31°  C.  immersed  in  constant-temperature  water  bath  at  55°  i\ 


Milk  culture. 


ature 
(°C.). 


At  start 31 

IJ  minutes  after  immersion 45 

If  minutes  after  immersion 48 

13  minutes  after  immersion 50 

2  minutes  after  immersion j  51 

2J  minutes  after  immersion 52 

2i  minutes  after  immersion 53 

3  minutes  after  immersion 54 

4  minutes  after  immersion i  55 


ture  in 
agar. 


(«) 

41 
None. 
None. 
None. 
Noni'. 
Noni'. 
None. 
None. 


Iimumerable. 
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ExrEKIMKNT    Xo.  20. 

B.  rholerx. 

Culture,   "Manila;"  seventy-two  hours'   j^rowth  in  sterilized   milk.     Reaction  of 
milk,  0.210  per  cent  acid. 

The  milk  at  31°  C.  immersed  in  consianl-teinperature  water  hath  at  55°  C. 


At  start 

1  minute  after  immersion. . . 
11  minutes  after  immersion. 
I'li  minutes  after  immersion. 

2  minutes  after  immersion.. 
21  minutes  after  immersion. 
2i  minutes  after  immersion. 
4  minutes  after  immersion. . 
.T  minutes  after  immersion. . 


Milk  culture. 


T^-P-     mrcut 


ature 
(°C.). 


ture  in 
agar. 


31  ! 

C) 

4.') 

O.GOO 

4,S 

028 

TjO 

■AG 

51  1 

0 

52  1 

0 

53  1 

0 

54 

0 

55 

0 

"  Iniunnerable. 


E.XPKKIMKNT    Xc).    2/. 

B.  rholrnr. 

CultiU'e.  ''Manila:"  IwetUy-foiir  lioms'  s^rowlh  m  sterilized  milk.      Reaction,  0. 180 
jier  cent  acid. 

The  milk  at  24°  ('.  inuuersed  in  cDiL-^iiiiii-ieiiijierai  arc  water  l)aih  at  55°  C. 


-Milk  culture. 


At  start 

li  minutes  after  immersion. 
2  minutes  after  immersion . . 
21  minutes  after  inunersion. 
2J  minutes  after  immersion. 
32  minutes  after  immersion. 

5  minutes  after  immersion . . 

6  minutes  after  immersion . . 

7  minutes  after  immersion . . 

8  minutes  after  immersion . . 


Temperature  (°(',i. 

Number 

colonie.-; 

per  loop  in 

gelatin. 

24 

45 

50.   . 

1.164 
32 

52 

0 

53 

54 

0 
0 

55 

0 

1  minute  at  55 

2  minutes  at  5.5... 

3  minutes  at  55... 

0 
0 
0 

«  Iniuuueralile. 
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RXPKRIMF.NT    Xo.    28. 

B.  rholrr.Y. 

Ciilturo.  ■"Manila:"'  Twenty-lour  In nirs'  growth  in  sierilize<l  milk.      Reaciion.  (I.l!t> 
per  cent  acid. 

The  milk  at  24°  ('.  immersed  in  constant-lemperalnrc  waier  baih  a1  oo°  C. 


Milk  ciiUiirH. 


Number 

Temper..!. ire  (°C.>.   ^^•p"'f  ;„ 
'  ^  per  loop  in 

gelatin. 


At  start -1.   

l.\  minutes  after  iiriTnersioii 

2  minutes  after  immersion mi 

2J  minutes  after  immersion 52 

3  minutes  after  immersion 53 

3|  minutes  after  immersion 54 

41  minutes  after  immersion 55 

55  minutes  after  immersion 1  minute  at  55 

(i J  minutes  after  immersion '. 2  minutes  at  55 . . . 

7J  minutes  after  immersion 3  minute.s  at  55. . . 


"  Innuiueralile.  '■  IniinmiT.ilili-.  1>ut  less. 

Exi'KRIMKNT    Xn.    25). 

B.  cholrnr. 

CiiltiU'e.  "'Manila:  "  iwenly-l'nur  hoin-s'  sjmwlli  in  sK^rilix.ed  milk.      Reaction,  0.180 
per  cent  acid. 

The  milk  at  24°  ('.  immerse<l  in  constant-temperature  water  bath  at  55°  (". 


'rpnii)er;ilur<'(°('.). 


Number 

colonies 

per  loop  in 

gelatin. 


At  start 24 

1 J  minutes  after  immersion 45 — 

2  minutes  after  immersion .50 

2}  minutes  after  immersion .■ 52 

2J  minutes  after  immersion 53 

Si  minutes  after  immersion 54 

4J  minutes  after  immersion 'io 

5J  minutes  after  immersion 1  minute  at  55 

6|  minutes  after  immersion 2  minutes  at  55 

75  minutes  after  immersion 3  niimites  at  55... 


(«) 


1.6S0 
244 

47 

(i 


«  Innu:nerable. 
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EXPERIMKNT    Xo.    30. 

li.  cholcnv. 

Culture,  ''Manila;"  twenty-four  hours'  growth  in  sterilized  milk.     Reaetinn,  0.181 
per  cent  acid. 
The  milk  at  24°  C.  immersed  in  con.st ant-temperature  water  bath  at  55°  C. 


Milk  cult  lire.  Temperature  f°<\). 


Number 

colonies 

per  loop  in 

gelatin. 


At  start ^4 (" ) 

IJ  minute-s  after  immersion'. : ...    45 4. 4.55 

2  minutes  after  immersion 50 1, 100 

2J  minutes  after  immersion 52 90 

3  minutes  after  immersion 53 7 

3J  minutes  after  immersion 54 0 

5J  minutes  after  immersion 55 0 

6i  minutes  after  immersion 1  minute  at  55 0 

71  minutes  after  immersion :  2  minutes  at  .55...  0 

81  minutes  after  immersion '  3  minutes  at  55  ...  0 

a  Innumerable. 

E.Xl'KKIMK.NT    Ao.    31. 

B.  cholersc. 

Cnlturo.   ••Hamburg::"  two  days'  growth  in  sterilized  milk.     Reaction.  0.189  per 
cent  acid. 

Milk  inuncr.scd  at  25.3°  C.  in  con.stanl-tcMipcratun;  water  hath  at  55°  C 


i  Loop  of  milk 

Milk  culture.  Temperature  C' C).  culture  in 

bouillon. 


At  start 25. 3 O rowth. 

IJ  minutes  after  immersion 45 Do. 

2  minutes  after  immersion 50 No  growth. 

2i  minutes  after  immersion , 51 Do. 

2\  minutes  after  immersion 52 j Do. 

25  minutes  after  immersion \  53 Do. 

3i  minutes  after  immersion 54 

4i  minutes  after  immersion 55 

5J  minutes  after  immersion 1  minute  at  55  Do. 

64  minutes  after  immersion 2  minutes  at  55 Do. 

7i  minutes  after  immersion : ]  3  minutes  at  55 


Do. 
Do. 


Do. 
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Experiment  No.  32. 
B.  rholenv. 
Culture.   "^lanila:""  forty-eight  lii)\irs'  growth  in  sterili/.i-tl  milk,     lleaetion,  0.180 
per  cent  acid. 

Milk  at  26.3°  <'.  iuunersed  in  (•oiistant-teini)eraliu-c  water  halh  at  55°  C 


Milk  culture. 


Temperature 


At  start.. . 
IJ  minutes 
IJ  minutes 
2',  minutes 
2.\  minutes 
2J  minutes 
3i  minutes 
4'i  minutes 
5\  minutes 
6\  minutes 
7i  minutes 


20.  3 Growth. 


after  immersion 4'> 

after  immersion 50 

after  immersion 51 

after  immersion 52 

after  immersion 53 

after  immer.sion 54 

after  immersion 55 

after  immersion 1  minute  at  .55. . 

after  immersion 2  minutes  at  55. 

after  immersion 3  minutes  at  55. 


Loop  of  milk 
culture  in 
bouillon. 


Do. 
Bo. 

No  growth. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 


i;.\ll.  KIMENT    No.    33. 

B.  chulrr;! . 
Culture,  "Hainlmrg;"  seventy-two  hour.s'  growth  in  .-^terili/.ed  milk.     Ueaction  of 
milk,  0.21G  per  cent  acid. 

The  milk  at  31°  C.  immersed  in  cDnstant-temperature  water  bath  at  55°  C. 


Milk  culture. 

Temper- 
ature 
(°C.). 

About  J  c.  e. 
of  milk  culture 
into  bouillon. 

At  start 

31 
<5 

48 
5(1 
51 
52 
53 
54 
55 

Growth. 

Do. 

No  growth. 
Cirowth. 

1|  minutes  after  immersion 

I4  minutes  after  immersion                         

No  growth. 
Growth. 

2  minutes  after  immersion   

No  growth. 
Do. 

4;  minutes  after  inunersion  ; 

Do. 

M.M'KKl.MKNT    No.    34. 
B.  rholrnt  . 
Ctilture,  "Manila;"  sevcniy-l  wo  liouis"  growl li  in  .•^lerili/.cd  milk.    Meaclion  of  milk, 
0.210  per  cent  acid. 

The  milk  at  31°  C.  immersed  in  consiani-iemiieralure  water  bath  ai  55°  C. 


Temner  About  J  C.  C. 
> .  P.  >  "f  milk  cul- 
'"'"'  tureinto 

bouillon. 


(°(M. 


At  start 

1  minute  after  immersion . . . 
ih  minutes  after  immersion. 
Ig  minutes  after  immersion. 
13  minutes  after  imir.ersioii . 

2  minutes  after  immersion. . 
2i  minutes  after  immersion. 

3  minutes  after  immersion. . 
i'i  minutes  after  inunersion. 


31 

Growth. 

45 

Do. 

4S 

Do. 

5() 

Do. 

51 

Do. 

52 

Do. 

53 

Do. 

54 

(Lost.) 

55     No  growth. 
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Experiment  No.  35. 

B.  cliohrx. 

Cultun',  ••Hainl)iirg;''  f()rty-('i<]:lu  hours' growtli  in  plcrilizcd  milk.     Reaction,  0.140 
per  cent  acid. 

The  milk  at  24°  C.  immersed  in  con.stant-temperature  water  l)ath  at  00°  C. 


Milk  culture. 


Temperature  (°C.). 


J  c.  c.  milk 
culture  in 
bouillon. 


At  start 24 Growth. 

11  Tiiinutes  after  immersion 4.5 Do. 

1^  minutes  after  immersion 50 i  Do. 

2  minutes  after  immersion '  5.3 Do. 

2i  minutes  after  immersion 5.5 Do. 

2J  minutes  after  immersion 57 No  growth. 

3^  minutes  after  immersion : 59 Do. 

4.V  minutes  after  immersion 60 Do. 

hh  minutes  after  immersion 1  minute  at  60 '  Do. 

Oi  minutes  after  inmiersion j  2  minutes  Ht  60 —  Do. 


EXPKHIMEXT    Xl).   30. 

B.  cholera:. 
("uluire.    ■M;iiiilu:"'  f(irty-ci»hl  hours' irrcwlli  inslerilizcd  milk.     Reaction.  0.09  per 
cent  acid. 

The  milk  at  24°  C  imm(»rscd  in  consianl-lemperalurc  waicr  hath  at  00°  (". 


Milk  culture. 


!  J  e.  c.  milk 
'Temperature  ("C).   culture  in 
bouillon. 


At  start '. ^4-  -   ^-  -  j  Growth. 

l[  minutes  after  immersion ia '  Do. 

1;  minutes  after  immersion 50 Do. 

2  minutes  after  immersion , 53 Do. 

21  minutes  after  immersion .■ '55 No  growth. 

22  minutes  after  immersion 57 Do. 

3J  minutes  after  immersion 50 Do. 

41  minutes  after  immersion 60 Do. 

5i  minutes  after  immersion I  1  minute  at  60 Do. 

6i  minutes  after  inmiersion 2  minutes  at  60 Do. 


Experiment  No.  37. 
B.  cholerx. 
('ulluro,  ■■llaml)urp:;"  fori y-ei,t]^ht  hours'  trrowtli  in  slorilizcd  milk.     Reaction,  0.189 
j)cr  fcnl  acid. 

The  milk  at  20°  C.  immersed  in  con.st  ant -temperature  water  bath  at  00°  C. 


Milk  culture. 


Temperature  (°C.).  t^^Vn^'ouilloi 


lion 


At  start 26 ;  Growth. 

IJ  minutes  after  immersion 52 i  Do. 

Do. 
No  growth. 
Do. 
Do. 
Do. 


2  minutes  after  immersion 55 

5  minutes  after  immersion 60 

6  minutes  after  immersion I  minute  at  60 

7  minutes  after  immersion 2  minutes  at  60.... 

8  minutes  after  immersion 3  minutes  at  60... . 
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EXPKKIMKNT    No.    38. 

B.  cholfra'. 

Cullurc,    ■Manila:"  forty-eight   hiiui>;'  giowth  in   r-tcfilizcd  milk.     Reaction,   O.IG 
por  com  acid. 

The  milk  at  2(i°  ('.  immersed  in  conslanl-lemperature  water  bath  al  GU°  C 


.Milk  Cloture. 

Temperature  (°C.). 

J  c.  c.  milk  cul- 
ture in  bouillon. 

At  start .                                       

2ti 

0."i 

60 

1  minute  at  60 

2  minutes  at  60.... 

3  minutes  at  60 

'Irowth.  ■ 

IJ  minutes  after  immersion 

Do. 
Do. 

5  minutes  after  immersion 

6  minutes  after  immersion.                                   

Do. 

No  growth. 

Do 

7  minutes  after  immersion.                                   

8  minutes  after  immersion ; 

Do. 

EXPEKIMKNT    Xo.  30. 

B.  (holers;. 
Culture,  "Hamburg;"  forty-eight  hoius'  growth  in  whole  milk  that  had  l)een  ster- 
ilized by  the  fractional  method  three  days.     Reaction,  0.243  per  cent  acid. 
The  milk  at  21°  C.  immersed  in  constant-temperature  water  bath  at  60°  (". 


Milk  culture. 


Temperature  (»C).^<;-Si;,t. 


At  start 21 . 

11  minutes  after  immersion 50. 

IJ  minutes  after  immersion i  5'.i. 

IJ  minutes  after  immersion 55. 


Growth. 
Do. 
Do. 
Do. 


57 No  growth. 

5'.'.  .  Do. 


2|  minutes  after  immersion 

3  minutes  after  immersion 5'.'.  . 

4i  minutes  after  inunersion liii.                    Do. 

5^  minutes  after  immersion 1  minute  at  60 Do. 

6^  minutes  after  immersion , 2  minutes  at  60 Do. 

7J  minutes  after  immersion 3  minutes  at  60 Do. 


Expi;iti.\it:.NT  No.  40. 
B.  cholevA'. 
Culture,  "Manila;"  forty-eight  hours' growth  in  whole  milk  that  had  l)een  sterilized 
by  the  fractional  method  three  days.     Reaction,  0.234  per  cent  acid. 
The  milk  at  21°  C.  immersed  in  constant-temperature  water  bath  at  G0°  ('. 


Milk  culture. 


Temperature 


r  1  c.  c.  milk 
culture  ill 
houillon. 


At  start 

.'lO 

Do. 

2  minutes  after  immersion 

53. 
55. 
57. 
59 

Do. 

2}  minutes  after  immersion 

No  prowth. 

2i  minutes  after  immersioji   .                     .             ...  

Do. 

Do 

5  mmutes  alter  immersion 

CO 

1  minute  at  (iO 

2  minutes  at  CO... 

3  minutes  at  60 

Do. 

6  minuti>8  after  immersion 

Do. 

7  mmutes  after  immersion 

8  mumtes  after  immersion 

Do. 
Do. 
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Conclusion. — The  cholera  vibrio  is  siinilai'  to  th(^  (hplitheria  bacilhis 
so  far  as  its  thermal  death  point  is  concerned.  It  is  usually  destroyed 
when  the  milk  reaches  55°  C. ;  only  once  diti  it  survive  to  60°  C.  under 
the  conditions  of  the  experiments. 

BACILLUS  DYSENTERIiE. 

The  only  reference  to  the  thermal  death  point  of  the  B.  dysenterise 
I  have  been  able  to  find  is  the  work  done  under  Kolle's  direction  b}^ 
Friedel,  Kutscher,  and  Meinicke,"  who  found  that  the  dysentery 
bacillus  withstands  a  temperature  of  60°  for  eight  minutes,  but  is 
killed  at  65°  for  two  minutes.  In  these  experiments  it  required  five 
minutes  to  heat  the  milk  from  15°  C.  to  the  temperature  noted. 

T  used  eight  different  cultures  of  the  dysentery  bacillus,  represent- 
ing both  the  Shiga  and  the  Floxner  types.  My  results  are  given  in 
the  following  tables: 

Experiment  Xd.  41. 
B.  Dysfntfri^'. 

Three  days'  jintwtli  in  slerilized  milk.  Milk  iiuiuersed  in  constaiit-leiujteratiire 
water  balh  at  60°  C. 


Milkciilliiri'. 


"Duval;"  reaction,  0.  I2(>  percent  acid: 

At  start 

15  minutes  after  immersion 

2J  minutes  after  immersion 

3J  minutes  after  immersion 

41  minutes  after  immersion 

''Sils;  "  reaction,  0.  lt)2  percent  acid: 

At  start 

IJ  minutes  after  immersion 

21  minutes  after  immersion 

.3  minutes  after  immersion 

4  ininutes  after  immersion 

' '  Kruse; "  reaction,  0. 187  per  cent  acid: 

At  start 

1 5  minutes  after  immersion 

2J  minutes  after  immersion 

'if,  minutes  after  innnersion 

i'i  minutes  after  immersion 

"Mt.  Desert; "  reaction,  0.  las  per  cent  acid: 

At  start 

13  minutes  after  immersion 

2J  minutes  after  immersion 

4J  minutes  after  immersion 

51  minutes  after  immersion 

"Salant;"  reaction,  0.189  percent  add: 

At  start 

II  minutes  after  immersion 

21  minutes  after  immersion 

3;^  minutes  after  immersion 

4?  minutes  after  immersion 


Temper- 
ature 
(°C.). 


{  Number  of 
Loop  of  milk  cul-  {    colonies 
ture  in  bullion.       per  loop  in 
agar. 


28     Growth 

0.5    do 

58    do 

(iO  No  growth. 


10. 


29 


Orowth  . . . . 

55    do 

58    do.d  ... 

(>0     No  growth. 
(c)         do 


2.S     Growth 

55    do 

5S    do.rf  ... 

tM)  No  growth. 

(<•)         do 


28     Growth 

55  I do 

58  I  No  growth . 

(»  ' do 

(c)         do 


29 


W 


firowth 

do 

do 

No  growth. 
do 


(") 

1,800 

28 

0 

0 

1.110 
51) 
0 
0 

C) 

126 

0 

0 

0 

C) 

57 
14 
0 
0 

(6)   . 
C) 

154 
0 
0 


"  Friedel.  Kutscher,  and  Meinickc:  Die  Widerstandsfahigkeit  der  Erreger  der  wichtigsten  Darm- 
krankheitengegeii  Krwiirmon  auf  verschiedeneTenipcnituren  inMllch.   Klin.  Jahrb., vol.  3. 1904-5, p. 34. 
''  lnnui!icral>lo.  c  One  minute  at  00".  <*  Delaved. 
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Experiment  No.  42. 


B.  (Jyaenterix. 

Culture.  "'Salent:  ■'  forty-eight  lioiu-s'  srowtli  in  sterilized  milk.     Reaction,  0.18  per 
rent  arid. 

The  milk  at  24°  C.  immersed  in  constant-temperrtture  water  l)atli  at  (lO°  (". 


Milkctilturi' 


Temperature  (°  C). 


At  slii rt 

11  minutes  after  immersion 

1 J  minutes  after  immersion - 

2\  minutes  after  immersion 

3  minutes  after  immersion 

3i  minutes  after  immersion 

4J  minutes  after  immersion .")9 

,'')|  minutes  after  immersion ; .")9 

C|  minutes  after  immersion (iO 

7J  minutes  after  immersion 1  minute  at  iK) 


ice.  milk 
culture  in 
bouillon. 


24  Growth. 

i:> !         Do. 

50 

55 

57 

58 


]10. 

!)(.. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


EXPERIME.NT    Xo.    43. 

B.  (Ii/scntfrin'. 

Culture.  "Sils:'"  forty-eii^ht  hours'  i,M'()Wth  in  t-terilized  milk.      Reaction.  ().17()  per 
cent  acid. 

Till'  milk  at  24°  C  immer.sed  in  coiistant-temi)eratnre  wati-r  liath  at  (i(l°  »'. 


.\t  start 

IJ  minutes  after  immersion. 
l.\  minutes  after  immersion. 
2J  minutes  after  immersion. 
21  minutes  after  immersion. 
3  minutes  after  immersion. . 
34  minutes  after  immersion. 
5  minutes  after  immersion. . 
(i  minutes  after  uiimersion. . 
7  minutes  iifter  iniinersion. . 


.)/. 


58 

50 

(10 

1  minut(>  at  (V) . . . 

2  minutes  at  (Kl . . 


Jc.c.  milk 

Temperature  C  C.k       culture  in 

bouillon. 


24 Crowth. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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EXPKRIMKNT    Xo.    44. 

H.  (lysenLerix. 

^'ulture.   ■"Salant;'  forty-ci^'lit  lioiirs'  ijnnvlli  in  stfiilizfil  milk.     Reartion.  0.135 
per  cent  acid. 

The  milk  at  24°  C.  immersed  in  constant-temperature  water  bath  at  60°  C. 


Milk  C'liltiiri'. 


J  c.  c.  milk  cul- 

Tciiippniture  (°C.i.!         ture  in 
I       bouillon. 


At  .start 24. . . :. '  G rowth. 

Ih  minutes  after  immersion 50 Do. 

2  minutes  after  immersion 55 , Do. 

2J  minutes  after  immersion .58 Do. 

3J  minutes  after  immersion 00 Do. 

4J  minutes  after  immersion -  1  minute  at  GO Do. 

oj  minutes  after  immersion 2  minutes  at  tiO... .  No  growth. 

Of  minutes  after  immersion 3  minutes  at  tiO... .  Do. 

7]  minutes  after  immersion 4  minutes  at  (iO... .  Do. 

8J  minutes  after  immersion .">  minutes  at  (iO... .  Do. 


ExPf:RiMEXT  Xo.  45. 

B.  dynrnterve. 

Culture,  "Salant;"    forty-eight  liours'  growth  in  .slorilizcd  milk.     Reaction.  0.234 
percent  acid. 

The  milk  at  2(1°  ('.  immersed  in  constant-temperature  water  bath  at  60°  (". 


Milk  culture 


Temperature 

(°r.). 


.1  c.  c.  milk 
culture  in 
bouillon. 


At  start '26 Growth. 

2  minutes  after  immer.-^ion 55 Do. 

3  minutes  after  immer.>;ion '58 Do. 

5  minutes  after  immersion (iO Do. 

0  minutes  after  immersion 1  minute  at  (KJ. .. .  '  Do. 

7  minutes  after  immersion 2  minutes  at  (iO. . .  Do. 

10  minutes  after  immersion 5  minutes  at  GO No  growth. 

13  minutes  after  immer.sion 8  minutes  at  GO.. .  Do. 

15  minutes  after  immersion 10  minutes  at  GO. .  Do. 

20  minutes  after  immersion 15  minutes  at  tiO . .  Do. 
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EXPKIU.MKNJ'    .\().    40. 

B.  (lyst'tihriic. 

Culture  ■"Duval:  "  forty-eiulii  li^urs' gmwth  in  i<torili/.o<l  milk.     JU'iiction. 0.108 per 
cent  acid. 

The  milk  at  2()°  ('.  immersed  in  constant-temperature  water  batii  at  ()()°  <". 


;Milk  i-ulturi'. 


Tcmporatun-      I     f.^i^^"il}^ 
*  ^  •*■  I       bouillon. 


At  start 2i> Growth. 

1\  minutes  after  immersion 50 1  I>o. 

2  minutes  after  immersion 55 '  l>o. 

2\  minutes  after  immersion 1 !  58 I >(>. 

4\  minutes  after  immersion '  GO !  Do. 

5^  jninutes  after  immersion 1  minute  at  CO |  I)o. 

CyK  minutes  after  immersion 2  minutes  at  60 Do. 

Ti  minutes  after  immersion ; . .'  3  minutes  at  60 No  growth. 

9\  minutes  after  immersion I  5  minutes  at  CO.. .  Do. 

14',  minutes  after  immersion 10  minutes  at  (iO. .'  ])o. 


KXTKIMMKNT    Xo.     ]7.  , 

/>'.  fliiscntcriH. 

Culturo,  "Silp;  "   lOrly-ei.uht  lunu's'  p-nwlli  in  sterilized  milk.     Iteaclinn.  0.1(15  per 
cent  acid. 

The  milk  at  2G°  C.  immersed  in  constani-tcniiu'rature  water  bath  at  00°  C. 


Milk  culture. 

Temperature 

CO. 

\  c.  e.  milk 
(ulturi'  in 
liouillon. 

At  start 

2  minutes  after  inuuersion 

55 ; 

Do. 

3  minutes  after  immersion 

58 

1V> 

5  minutes  after  immersion 

eo 

Do. 

G  minutes  after  immersion 

1  minute  at  00 

2  minutes  at  CO... 
5  minutes  at  GO. . . 
8  minutes  at  (iO. . . 
10  minutes  at  GO. . 
15 minutes  at  GO.. 

No  growth. 
Do 

7  minutes  after  immersion 

10  minutes  after  immersion 

Do 

13  minutes  after  immersion 

Do. 

15  minutes  after  immersion .... 

Do. 

20  minutes  after  immersion 

Do. 

Exi-KKIMEXT    Xo.    48. 

B.  (hjsenlerise.  ^ 

Culture,  ""Kruse:""  f<irty-ei»lil  li<iurs'"i<n)\vtli  in  sterilized  milk.      Pteariiou.  0.144  ]er 
ent  arid. 
The  milk  at  24°  C  inuuersed  in  constaul -temperature  water  hath  at  (J0°  C 


.Milk  culliirc 


At  start 

IJ  minutes  after  iniinersion . 
2\  minutes  after  immersion. 
3  minutes  after  immersion. . 
3J  minutes  after  immersion . 
4J  minutes  after  immersion . 
oj  minutes  after  immersion . 
62  minutes  after  immersion. 
1\  minutes  after  immersion . 
8J  minutes  after  immersion . 


Tem- 
pera- 
ture. 
(°  C.,. 


J  e.  c.  milk 
culture  in 
bouillon. 


24         Growth. 
.50  Do. 

Do. 

Do. 

fiO      I  Do. 

60.5  ;  No. growth, 
til  Do. 

61.5  Do. 

61.  5  I  Do. 

61  Do. 


K.\pkki.vii:nt  Xo.  49. 

H.  (li/senUriiK. 

Culture,  "'Witau.^:'"  forty-eight  hours'  tjrowtli  in  sterili/e<l  milk.     Reartiou,  0.234 
per  cent  acid. 

The  milk  at  2(i°  C  inuner.sed  in  constant-temperature  water  hath  at  (10°  C. 


Milk  culture. 


Temperature 


At  start 25 

11  minutes  after  immersion 50 

2  minutes  aftes  immersion 55 

3  minutes  after  immersion 58 

5  minutes  after  immersion 60 

6  minute.s  after  immersion 1  minute  at  60 

7  minutes  after  immersion 2  minutes  at  60  — 

S  minutes  after  immersion 3  minutes  at  60. . . 

10  minutes  after  immersion 5  minutes  at  60... 

15  minutes  alter  immersion 10  minutes  at  60. . 


J  c.  c.  milk 
culture  in 
bouillon. 


Growth. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
No  growth. 
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EXI'KHIMKNT    Xo.    50. 

B.  dysfnleris'. 

Culture.    'WilsDir."  fort y-eiglit  liour.'^' growtli  in  .■sterilized  milk.     Rea<-tii)n.  0.144 
per  cent  acid. 

The  milk  at  2()°  C  immersed  in  ((iiLstaut-lemperalurc  water  l)atli  at  ()0°  ('. 


'rpnippraturc 


.\t  start 2r,.  .  ilrowth. 

I'i  iiiiuutes  after  immersion 50 Do. 

2  minutes  after  immersion i  55 l>o. 

2J  minutes  after  immersion '  58 Do. 

5  minutes  after  inunersion : 60 Do. 

6  minutes  after  immersion '  1  minute  at  60. . . .  Do. 

7  minutes  after  immersion 12  minutes  at  60. . .  Do. 

8  minutes  after  immersion 3  minutes  at  60. . .  Do. 

10  minutes  after  immersion 5  minutes  at  60. . .  Do. 

15  minutes  after  immersion , 10  minutes  at  lio. .  No  srrowih. 


Kxi"Khimi;nt  No.  .")!. 

B.  fli/K('iU(ri;v. 

("uliurr,     ■Ml.    Desert  ;'"    I'orl y-cii;lil    li<>ur.<"  "^rowlh  in  sterilized    uiilk.     Reaction, 
0.252    per   eeiU    iieid. 

Themilkal  2(1^  C  iiiimer.-ed  in  con.stani-teiiiix'rai  ure  water  l)aih  at  <)0°  ('. 


Temperature 


At  start 26 

li  miiiutos  after  immersion 50 

2  minutes  after  immersion 55 

2J  minutes  after  immension _. I  58 

5  minutes  after  immersion (iO 

C  minutes  after  immer-sion .' j  1  minute  at  <D 

7  minutes  after  immersion '2  minutes  at  tiO  .. 

8  minutes  after  immersion - 3  minutes  at  (>0  . . 


10  minutes  after  immersion . 
15  minutes  after  inmierifion . 


\  c.  c.  milk 
culture  in 
bouillon. 


Growth. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


5 minutes  at  60  ...    No  growth. 
10  minutes  at  CO  ..  Do. 


i  t 

P^xi'KiiiMKN  r  No.  52. 

Cnhun-.   "Harris:""   iDriy-cisrlu    In  mis"  <rn>\vih  in  su-rilizcd  milk.      Reaction,  0.234 
\}:-r  cent  acid. 

The  milk  at  2(5°  C.  immersed  in  consuini-icniperatm-e  waler  l)alh  at  ()()°  C. 


Milk  culture. 


Temperature 
(°C.). 


h  c.  c.  milk 
culture  in 
bouillon. 


At  start 

1 J  minutes  after  immersion 50 

2  minutes  after  immersion .'. 55 

2J  minutes  after  immersion 5*i 

4J  minutes  after  immersion ( 0 

51  minutes  after  immersion 1  minute  at  CO  ... 

(>i  minutes  after  immersion 2  minutes  at  (iO  . . 

7{  minutes  after  inunersion 3  minutes  at  CO  . . 

91  minutes  after  inunersion 5  minutes  at  to  .. 

14i  minutes  after  immersion 10  minutes  at  1 1) . 


20 (Irowth. 

Do. 
Do. 
Do. 
Do. 
Do. 
'  Do. 
Do. 
No  growth. 
Do. 


EXPKIUMKNT    Xo.    53. 

B.  (hjsenleris'. 

Ciiltnre.  'Sils:"  forty-eight  liour.s"  growth  in  whole  milk  that  had  l)een  sterilized  by 
I  he  fractional  method  three  days.     Reaction.  0.288  per  cent  acid. 

The  milk  a!  21°  <'.  immersed  in  constant-temperature  water  hath  at  00°  ('.. 


Milk  culture. 


Temperature 
(°  C). 


1  c.  c.  milk 
culture  in 
bouillon. 


At  start 

2  minutes  after  immersion 

2i  minutes  after  immersion 

31  minutes  after  immersion I  50 

5  minutes  after  immersion (fl 


21 Growth. 

5.5 Do. 


6  minutes  after  immersion . . 

7  minutes  after  immersion . . 

8  minutes  after  immersion . . 
10  minutes  after  immersion . 
15  minutes  after  immersion . 


1  minute  at  IB  ... 

2  minutes  at  (X) .. 

3  minutes  at  (0  .. 
5  minutes  at  tO  ., 
10  minutes  at  CO  . 


Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Xo  growth. 
Do. 


EXPEHIMENT    Xo.    54. 

B.  dysenteric. 

Culture.  "'Shiga:"  forty-eight  hours' growtli  in  whole  milk  that  had  heen  .sterilized 
by  the  fraetional  method  three  day.«.     Reaction.  0.27  per  cent  acid. 

The  milk  at  21°  (".  immersed  in  con.stant-temperature  water  hath  at  00°  (". 


Milk  culture. 


Temperatun'. 
(°C.). 


At  start 21 

2  minutes  after  immersion 55 

2i  minutes  after  immersion 57 

3J  minutes  after  immersion 59 

i\  minutes  after  immersion 60 

5}  minutes  after  immersion 1  minute  at  60 

6i  minutes  after  immersion 2  minutes  at  60. . . 

"i  minutes  after  immersion 3  minutes  at  60  . . . 

9J  minutes  after  immersion , 5  minutes  at  60  .. . 

14i  minutes  after  immersion 10  minutes  at  60  .. 


1  c.  c.  milk 
culture  in 
bouillon. 


(irowth. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
No  growth. 


E.KPEKIMKNT    Xo.   55. 

B.  (hjscnicriiv. 

Culture.    'Duval:""  I'orty-cight  hoins"  growtli  in  whole  milk  that  hatl  l>een  sterilized 
by  the  fractional  method  three  days.     Reac-tion.  0.80()  per  ceiit  acid. 

The  milk  at  21°  C.  immersed  in  constant-temperature  water  bath  at  (iO°  C 


Milk  culture. 


Temperature. 

CC). 


At  start 21 

2  minutes  after  immersion 55 

2i  minutes  after  immersion 57 

3J  minutes  after  immersion 59 

5  minutes  after  immersion 60 

6  minutes  after  immersion 1  minute  at  (iO  ... 

7  minutes  after  immersion ,1 ;  2  minutes  at  60  .. 


8  minutes  after  immersion. . 
10  minutes  after  immersion. 
15  minutes  after  immersion  . 


3  minutes  at  60  .. 
5  minutes  at  60  . . 
10  minutes  at  60  . 


I  c.  c.  milk 
culture  in 
bouillon. 


tirowth. 
Do. 
Do. 
Do. 
Do. 

1)0. 

Do. 

No  growth. 

Do. 

Do. 


Conclusion — Tlie  dysentery  bacilltis  i.s  somewliat  more  re.sistant  to 
heat  than  the  typhoid  haciUus.     It  soinetinies  withstands  heating;  at 


60°  for  five   minutes.     All  are  killed  at  00°  C.  for  ten  minute 


II. 


ever,  the  great  majority  of  these  micro-organisms  are  killed  by  tlu^ 
time  the  milk  reaches  ()0°  C. 


I 
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MICROCOCCUS   MELITENSIS. 

Maj.  W.  II.  Horrocks  and  Capt.  J.  C.  Kennedy,  of  the  British  Army 
Medical  Corps,  in  their  article  upon  goats  as  a  means  of  propagating 
Mediterranean  fever,*^  made  several  experiments  to  determine  whether 
it  is  possible  to  destroy  the  M.  melitensis  by  pasteurization  of  the 
infected  milk,  and  concluded  that  heating  the  milk  to  68°  C.  for  ten 
minutes  destroyed  the  M.  melitensis  present  in  infected  goats'  milk- 
No  record,  however,  is  made  of  experiments  with  lower  temperatures. 

Expcrmenl  1. — Milk  was  drawn  from  goats  1,  2,  3,  5,  and  6  and  thoroughly  mixed. 
This  mixed  milk  was  selected  for  experiment  as  it  contained  thick,  ropy  masses,  and 
it  was  thought  that  these  might  act  as  protecting  envelopes  to  the  specific  micrococci, 
so  that  if  such  a  milk  were  steiihzed  ])y  pasteurization  it  might  safely  be  concluded 
that  any  ordinary  normal-looking  milk  would  be  equally  sterilized  by  the  same 
operation. 

One  loopful  of  the  mixed  milk  was  stroked  on  a  series  of  surface  plates  to  act  as  a 
control.  The  mixed  milk  was  then  heated  on  a  water  bath  to  68°  C.  and  this  tem- 
perature was  maintained  for  ten  minutes.  The  milk  was  then  rapidly  cooled  and 
10  c.  c.  of  the  sterilized  milk  were  spread  over  20  litmus-nutrose-agar  plates. 

Results:  After  four  days  incubation  at  37°  C.  the  control  plates  were  found  densely 
crowded  with  colonies  of  the  M.  melitensis;  the  plates  made  from  the  pasteurized  milk 
remained  free  from  any  signs  of  the  specific  Micrococcus  melitensis,  even  though  the 
incubation  was  continued  for  fourteen  days. 

Experiment  2. — This  served  as  a  control  of  experiment  1,  the  same  procedure  being 
followed.  The  Micrococcus  melitends  appeared  in  the  control  plates,  but  the  plates 
made  with  the  pasteurized  milk  again  remained  i)erf'ectly  sterile. 

In  my  experiments  I  used  two  strains  of  the  M.  melitensis.  The 
results  follow: 

Experiment  Xo.  56. 

M.  melitensis. 

Culture,  seven  days'  growth  in  bouillon,  mixed  with  milk  that  had  been  inoculated" 
the  previous  day  with  same  culture.     Reaction  of  milk,  0.081  per  cent  acid. 
The  milk  at  31°  C.  immersed  in  constant-temperatm-e  water  bath  at  5-5°  C. 


Milk  culture. 


Temper- 
ature 


At  start 

li  minutes  after  immersion 
IJ  minutes  after  immersion 
IJ  minutes  after  immersion 
:'  minutes  after  immersion. 
'1  minutes  after  immersion 
minutes  after  Innnerslon 
minutes  after  immersion . 
I  minutes  after  immersion. 


Loop  of  milk 
culture  in  agar. 


Innumeralile. 
Do. 
Do. 
Do. 
Do.. 
Do. 
Do. 
Do. 
Do. 


"  HorrcK'ks,  \V.  H.,  and  Kennedy,  J.  C:  VI.  Goats  as  a  means  of  propagation  of 
.Mediterranean  fever.  Reports  of  the  commission  *  *  *  for  the  investigation  of 
Mediterranean  fever  *  *  *  Part  -}.  London,  Harri.son  cS:  Sons,  Feb.,  1906.  8° 
Paper.     187  p. 

31865— Bull.  42—08 6 
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Experiment  Xo.  57. 

M.  melitensis. 

Culture,  seven  days'  growth  in  bouillon,  mixed  wdth  milk  that  had  been  inocidated 
the  previous  day  with  same  culture.     Reaction  of  milk,  0.081  per  rent  acid. 
The  milk  at  31°  C.  immersed  in  constant-temperatme  water  bath  at  55°  C. 


Milk  culture. 


At  start 

1  minute  after  immersion. . 
IJ  minutes  after  immersion 
1§  minutes  after  immersion 

2  minutes  after  immersion. 
2J  minutes  after  immersion 
2§  minutes  after  immersion 

3  minutes  after  immersion . 
i\  minutes  after  immersion 


Temper- 
ature 
CO.). 


About  Jc.c 
of  milk  cul- 
ture into 
bouillon. 


\ 
Growth. . 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 
....do... 


Loop  of 
milk  cul- 
ture in 
bouillon. 


Growth. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Experiment  No.  58. 

M.  melitensis. 

Five  days'  growth  in  sterilized  milk.     Milk  immersed  in  constant-temperature 
water  bath  at  60°  C. 


Milk  culture. 

Temperature  ("  C). 

Number  of  colonies 
per  loop  in  agar. 

"Stock"  culture;  reaction,  0.108  per  cent  acid: 

30 

Innumerable. 

45 

Do. 

50 

Do. 

IJ  minutes  after  immersion                  .          .   .        ... 

55 

Do. 

1 J  minutes  after  immersion. 

58 

53. 

2  minutes  after  immersion 

60 

0 

1  minute  at  CO 

33 

0 

"U.  S.  N."  culture;  reaction,  0.072  percent  acid: 

At  sta  rt 

Innumerable. 

45 

Do. 

50 

Do. 

1 J  minutes  after  immersion 

55 

Do. 

2  minutes  after  immersion 

58 

Do. 

23  minutes  after  immersion : . . . 

tiO 

0 

1  minute  at  W) 

0 

Note.— .\gar  plates  incubated  five  days  at  37° C. 

Conclusion. — So  far  as  can  be  judj^ed  from  tho  meager  evidence  at 
hand,  60°  C.  for  twenty  minutes  is  more  than  sulHcient  to  destroy 
the  infective  principle  of  MaUa  fcA^er  in  milk.  The  M.  melitensis  is 
not  destroyed  at  55°  for  a  short  time;  the  great  majoritv  die  at  58°; 
at  60°  all  are  killed. 
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GENERAL  SUMMARY  AND  CONCLUSIONS. 

It  is  difficult  to  determine  precisely  at  what  moment  or  at  what 
temperature  a  micro-oro;anism  dies.  The  fact  that  a  micro- 
ortjanism  will  not  grow  u})on  artificial  media  is  not  always  a  sure 
sign  that  it  is  dead;  but  with  the  exception  of  the  tubercle  bacillus 
it  is  safe  to  assume  that  ordinarily  bacteria  that  fail  to  vegetate 
upon  suitable  media  under  favorable  conditions  have  at  least  lost 
their  ^^^ulence  and  power  t(^  infect,  especially  when  ingested  by  the 
mouth. 

We  know,  however,  that  the  vegetability  of  micro-organisms  in 
vitro  does  not  always  correspond  to  their  ability  to  grow  in  the  animal 
host.  This  is  especially  true  of  the  tubercle  bacillus.  On  account 
of  the  reluctance  with  which  this  bacillus  grows  upon  culture  media, 
it  is  necessary  to  resort  to  animal  inoculations  in  order  to  determine 
its  thermal  death  point.  It  is  proper  to  assume  that  the  tubercle 
bacilli  in  milk  which  are  so  attenuated  as  to  be  unable  to  cause 
tuberculosis  when  injected  into  the  peritoneal  cavity  of  a  young 
guinea  i)ig  would  be  harmless  when  ingested  b}"  man. 

In  these  experiments  upon  the  guinea  pig  it  is  important  to  differ- 
entiate the  lesions  produced  l)y  dead  tubercle  ])acilli,  which  closely 
simulate  those  caused  hj  the  live  tubercle  bacilli.  In  doubtful  cases 
it  is  necessary  to  inoculate  the  products  of  the  lesions  into  another 
animal  to  determine  the  presence  or  absence  of  living  micro- 
organisms. 

The  cultural  experiments  upon  thermal  death  points  are  sur- 
rounded by  many  sources  of  error  and  numerous  pitfalls,  all  of  which 
must  be  avoided. 

My  experiments  were  designed  to  imitate  the  conditions  of  practical 
pasteurization.  The  micro-organisms  were  heated  in  open  test  tvd)es 
and  tiie  temperature  and  other  factors  accurately  controlled.  Scum 
formation  was  disregarded,  as  it  was  my  intention  to  reach  results 
that  might  be  applied  with  confidence  in  practical  pasteurization  on 
a  large  scale  against  natural  (Hdicultics. 

My  results  of  nine  series  of  tests  upon  guinea  pigs  with  five  cultures 
plaitdy  show  that  in  milk  the  tubercle  bacillus  loses  its  virulence  and 
infective  power  when  heated  at  60°  for  twenty  minutes ;  in  other  words, 
it  may  be  considered  dead.  When  heated  to  65°  C.  a  much  shorter 
(ime  is  necessary-.  These  results  correspond  in  the  main  with  those 
previously  recorded  by  Yersin,  BonhofT,  Schroeder,  Th.  Smith,  Russell 
and  Hastings,  and  Hesse. 

it  should  be  remembered  that  the  milk  in  these  tests  was  very 
heavily  infected  with  virulent  cultures,  indicated  by  the  prompt 
death  of  the  control  animals.  Milk  ]>ractically  never  contains  such 
an  enormous  amount  of  infection  under  natural  conditions.     It  is 
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justifiable,  therefore,  to  assume  that  if  60°  C.  for  twent}'  minutes  is 
sufiicient  to  destroy  the  infectiousness  of  such  milk  when  injected 
into  the  peritoneal  cavity  of  a  guinea  pig,  any  ordinary  market  milk 
after  such  treatment  would  be  safe  for  human  use  by  the  mouth  so 
far  as  tubercle  bacilli  are  concerned. 

The  lesions  produced  by  a  large  mass  of  dead  tubercle  bacilli  may  be 
distinguished  by  their  extent  rather  than  by  their  character.  In  doubt- 
ful cases  secondary  inoculation  is  the  only  trustworthy  method  of 
determining  whether  the  bacilli  are  alive  or  dead.  The  tuberculin 
test  does  not  differentiate  between  the  live  and  dead  tubercles.  Three 
guinea  pigs  out  of  eight  having  lesions  produced  by  dead  tubercle 
bacilli  (killed  at  100°  C.)  died  as  the  result  of  the  subcutaneous  inocu- 
lation of  2  c.  c.  tuberculin  (O.  T.). 

The  evidence  is  plain  that  milk  heated  to  60°  C.  and  maintaim^d  at 
that  temperature  for  two  minutes  will  kill  the  typhoid  bacillus.  The 
^reat  majority  of  these  organisms  are  killed  by  the  time  the  temper- 
ature reaches  59°  C,  and  few  survive  to  60°  C. 

The  diphtheria  bacillus  succumbs  at  comparatively  low  tempera- 
tures. Oftentimes  it  fails  to  grow  after  heating  to  55°  C.  Some  occa- 
sionally survive  until  the  milk  reaches  60°  C. 

The  cholera  vibrio  is  similar  to  the  diphtheria  bacillus  so  far  as  its 
thermal  death  point  is  concerneil.  It  is  usually  destroyed  when  the 
milk  reaches  55°  C;  only  once  did  it  survive  to  60°  C.  under  the  condi- 
tions of  the  experiments. 

The  ilysentery  bacillus  is  somewhat  more  resistant  to  heat  than  the 
typhoid  bacillus.  It  sometimes  withstands  heating  at  60°  C.  for  five 
minutes.  All  are  killed  at  60°  C.  for  ten  minutes.  However,  the 
great  majority  of  these  micro-organisms  are  killed  by  the  time  the 
milk  reaches  60°  C. 

So  far  as  can  be  judged  from  the  meager  evidence  at  hand,  60°  C. 
for  twenty  minutes  is  more  than  sufficient  to  destroy  the  infective 
princi})le  of  Malta  fever  in  milk.  The  M.  ntelitensi.^  is  not  destroyed  at 
55°  C.  for  a  short  time;  the  great  majority  of  these  organisms  die  at 
.58°,  and  at  60°  all  are  killed. 

Milk  heated  to  60° C.  and  maintained  at  that  l(Miii)erature  for  twenty 
minutes  may,  therefore,  be  consiilered  safe  so  far  as  conveying  infec- 
tion with  the  micro-ori2:anisms  tested  is  concerneil. 


NOTICE    TO     LIBRARIANS    AND    BIBLIOGRAPHERS    CONCERNING    THE 
I  SERIAL  PUBLICATIONS    OF    THIS    LABORATORY. 

The  Hygienic  Laboratory  was  established  in  New  York,  at  the  Marine  Hospital  on 
Staten  Island,  August,  1887.  It  was  transferred  to  Washington,  with  quarters  in  the 
Butler  Building,  June  11,  1891,  and  a  new  laboratory  l)uilding,  located  in  Washington, 
was  authorized  by  act  of  Congress,  March  3,  1901. 

The  following  bulletins  [Bulls.  Nos.  1-7.  1900  to  1902.  Hyg.  Lab.,  U.  S.  Mar.-Hosp. 
Serv.,  Wash.]  have  l)een  issued. 

No.  ] . — Preliminary  note  on  the  viability  of  the  Bacilhts  pestis.     By  M.  J.  Rosenau. 

No.  2. — Formalin  disinfection  of  l^aggage  without  apparatus.     By  M.  J.  Rosenau. 

No.  3.^ — Sulphur  dioxid  as  a  germicidal  agent.     By  H.  D.  Geddings. 

No.  4. — Viability  of  the  Bacillus  pestis.     By  M.  J.  Rosenau. 

No.  5.^An  investigation  of  a  pathogienic  microbe  (B.  typhi  murivm  Danyz)  applied 
to  the  destruction  of  rats.     By  M.  J.  Rosenau. 

No.  0. — Disinfection  again.«t  mosquitoes  with  formaldehyd  and  sulphur  dioxid. 
By  M.  J.  Ro.senau. 

No.  7. — Laboratory  techni([uc:  King  test  for  indol,  by  S.  B.  Grubbs  and  Edward 
Francis;  Collodium  sacs,  by  S.  B.  Gru1)bs  and  Edward  Francis;  Microphotography 
with  simple  apparatus,  by  H.  B.  Parker. 

By  act  of  Congress  approved  July  1.  1902,  the  name  of  the  ■•  United  States  Marine 
Hospital  iService"  was  clianged  to  the  "Puldic  Health  and  ]\Iarine-Hospital  Service  of 
the  United  States,"  and  three  new  divisions  were  added  to  the  Hygienic  Laboratory. 

Sincc^  the  change  of  name  of  the  Service  the  bulletins  of  the  Hygienic  Laboratory 
have  been  continued  in  the  same  numerical  order,  as  follows: 

No.  8. — Laboratory  course  in  pathology  and  bacteriology.  By  M.  J.  Rosenau. 
(Revised  edition  March,  1904.) 

No.  9. — Presence  of  tetanus  in  commercial  gelatin.     By  John  F.  Anderson. 

No.  10. — Report  upon  the  prevalence  and  geographic  distribution  of  hookworm  dis- 
ease (uncinariasis  or  anchylostomiasis)  in  the  I'nited  States.     By  Ch.  Wardell  Stiles. 

No.  11. — An  experimental  investigation  of  Trypanofinma  Iririai,     ]}y  Edward  Francis. 

No.  12. — The  bacteriological  impurities  of  vaccine  virus;  an  experimental  study. 
By  M.  J.  Rosenau. 

No.  13. — A  statistical  stutly  of  the  inte.'^tiual  parasites  ol  500  white  male  patients  at 
the  United  States  Government  Hospital  for  the  Insane:  by  Philip  E.  Garrison.  Bray- 
ton  H.  Ransom,  and  Earle  C.  Stevenson.  A  parasitic-  roundworm  (Agamoniennis 
f»/('m  n.  g.,  n.  sp.)  in  American  mo.squitoes  (Ciilex  solUcilans):  by  Ch.  Wardell  Stiles. 
The  type  species  of  the  cestode  genus  Ilymenolepis;  1>y  Ch.  Wardell  Stiles. 

No.  14. — Spotted  fever  (tick  fever)  of  the  Rocky  MouiUains;  a  new  disease.  By 
'i-hn  F.  Anderson. 

No.  15. —  Ineflicieney  of  fcirniis  .<ul]>hati'  a.s  an  antiseptic  and  g.rmicide.  I'.y  .Vllan 
J.  McLaughlin. 

No.  !(!. — Tile  aiUi.septic  and  germicidal  j)ri)perties  of  glycerin.      I?y  M.  J.  Rosenau. 

No.  17.     Illustrated  key  to  tlie  trematode  parasites  of  man.     By  Ch.  Wardell  Stiles. 

-No.  IS.  An  account  of  the  tapeworms  of  the  genus  Hytmnoh pis  parasitic  in  man, 
including  reports  of  several  new  cases  of  tlie  ilwarf  tapeworm  yJl.  imna)  in  the  United 
^t:ifes.     \\y  Prayton  II.  Rans..m. 
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No.  19. — A  method  for  inoculating  animal.s  Avith  precise  amounts.     By  M.J.  Rosenau. 

No.  20. — A  zoological  investigation  into  the  cause,  transmission,  and  source  of 
Rocky  Mountain  "spotted  fever."     By  Ch.  Wardell  Stiles. 

No.  21. — The  immunity  unit  for  standardizing  diphtheria  antitoxin  (based  on  Ehr- 
lich's  normal  serum).  Official  standard  prepared  under  the  act  approved  July  1,  1902, 
By  M.  J.  Rosenau. 

No.  22.— Chloride  of  zinc  as  a  deodorant,  antiseptic,  and  germicide.  By  T.  B. 
McClintic. 

No.  23. — Changes  in  the  Pharmacopoeia  of  the  United  States  of  America.  Eighth 
Decennial  Re\'ision.     By  Reid  Hunt  and  Murray  Gait  Motter. 

No.  24. — The  International  Code  of  Zoological  Nomenclature  as  applied  to  medicine. 
By  Ch.  Wardell  Stiles. 

No.  25. — Illustrated  key  to  the  cestode  parasites  of  man.     By  Ch.  Wardell  Stiles. 

No.  26. — On  the  stability  of  the  oxidases  and  their  conduct  toward  various  reagents. 
The  conduct  of  phenolphthalein  in  the  animal  organism.  A  test  for  saccharin,  and 
a  simple  method  of  distinguishing  between  cumarin  and  vanillin.  The  toxicity  of 
ozone  and  other  oxidizing  agents  to  lipase.  The  influence  of  chemical  con.stitution  on 
the  lipolj^ic  liydrolysis  of  etheral  salts.     By  J.  H.  Kastle. 

No.  27. — The  limitations  of  formaldehyde  gas  as  a  disinfectant  with  special  reference 
to  car  sanitation.     By  Thomas  B.  McClintic. 

No.  28. — A  statistical  study  of  the  prevalence  of  intestinal  worms  in  man.  By  Ch. 
Wardell  Stiles  and  Philip  E.  Garrison. 

No.  29. — A  study  of  the  cause  of  sudden  death  following  tlie  injection  of  horse  .'<erum. 
By  M.  J.  Rosenau  and  John  F.  Anderson. 

No.  30. — I.  Maternal  transmission  of  immunity  to  diphtheria  toxin.  II.  Maternal 
transmission  of  immunity  to  diphtheria  toxin  and  hj-persusceptibility  to  horse  .serum 
in  the  same  animal.     By  John  F.  Anderson. 

No.  31. — Variations  in  the  peroxidase  activity  of  the  blood  in  liealtli  and  tlisease. 
By  Joseph  H.  Kastle  and  Harold  L.  Amoss. 

No.  32. — A  stomach  lesion  in  guinea  pigs  caused  by  diplitheria  toxine  and  its  bear- 
ing upon  experimental  gastric  ulcer.     By  M.  J.  Rosenau  and  John  F.  Anderson. 

No.  33. — Studies  in  experimental  alcoholism.     By  Reid  Hunt. 

No.  34. — I.  Agamofdaria  (jcorgiana  n.  sj)..  an  apjjarently  new  roundworm  jiarasite 
from  the  ankle  of  a  negress.  II.  The  zoological  characters  of  the  roundworm  genus 
Filaria  Mueller.  1787.  III.  Three  new  American  cases  of  infection  of  man  with  horse- 
hair worms  (species  Paragordius  varius),  with  summary  of  all  cases  reported  to  date. 
By  Ch.  Wardell  Stiles. 

No.  35. — Report  on  the  origin  and  prevalence  of  typhoid  fcAor  in  the  District  of 
Columbia.  By  M.  J.  Rosenau,  L.  L.  Lumsden.  and  Joseph  II.  Kastle.  (Including 
articles  contril)uted  by  Ch.  Wardell  Stiles.  Joseph  Goldberger.  and  A.  M.  Stimsoii.  i 

No.  36. — Further  studies  upon  hypersusceptibility  and  immunity.  By  M.  J.  Rose- 
nau and  John  F.  Anderson. 

No.  37. — Index-catalogue  of  medical  and  veterinary  zoology.  Subjects:  Trema- 
toda  and  trematode  diseases.     By  Ch.  Wardell  Stiles  and  Albert  Hassall. 

>vo.  38. — The  influence  of  antitoxin  upon  post-diphtheritic  paralysis.  By  M.  J. 
Rosenau  and  John  F.  Anderson. 

No.  39. — The  antiseptic  and  germicidal  j^'opcrtios  of  .•solutions  of  formaldeylule  and 
their  action  upon  toxines.     By  John  F.  Anderson. 

No.  40. — Miscellaneous  Zoological  Papers.  By  I'h.  Wanb^ll  Siilc.-;  :»nd  .Tosejih  Gold- 
berger 

No.  41. — Milk  and  its  relation  to  the  i)ul)lic  hcaUh.     Hy  various  authors. 

No.  42. — The  thermal  death  points  of  pathogenic  micro-organisms  in  milk.  By 
M.  J.  Rosenau. 
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In  citing  these  l)ulletins,  l>eginning  witli  Xo.  8,  bibliographers  and  authors  are 

requested  to  adopt  the  following  abbreviations:  Bull.  No. ,  Hyg.  Lab.,  T.  S.  Pub- 

Health  Sc  Mar.-Hosp.  Serv.,  Wash.,  pp. . 

.MAILING    LIST. 

The  Service  will  enter  into  exchange  of  publications  with  medical  and  scientific 
organizations,  societies,  laboratories,  journals,  and  authors.  Its  publications  will  also 
be  sent  to  nonpublisliing  societies  and  individuals  in  case  sufficient  reason  can  be 
shown  why  such  societies  or  individuals  should  receive  them.  All  applications  for 
these  publications  should  l)e  addressed  to  the  ''Surgeon-General.  U.  S.  Public  Health 
and  Marine-Hospital  Service,  Washington,  D.  C." 
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